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I Introductiov 

The rapid development of artificial insemination in domestic animals 
has instigated much research on reproduction The majority of this 
work lias been concerned with the behaMor of the spermatozoa m the 
seminal plasma However, these spermatozoa represent onl> the final 
product of a senes of complex changes (spcrmatogcncsts) that go\crn 

1 
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their number and properties We will, therefore, try to clarify the 
phenomena that talce place during the process of s P e ™“ t0g ™, S ?6S1 
bull (70, 121), the ram (32, 98), the boar (141), and the stallion (6S) 

1 In the fetus and young male, the primordial germ cells or gono- 
cytes are contained, almost from the beginning of the fetal period, inside 
the seminiferous tubules 

2 These gonocytes multiply and, some months after birth, give rise 
to spermatogonia whose further divisions constitute one of the principal 
points of interest ot spermatogenesis The quantitative efficiency o 
spermatogenesis depends to a great extent on the manner in which these 
divisions take place 

3 The cells originating from the last spermatogomal division are 
the primary spermatocijtes Meiotic division of the chromosomes con- 
tained in the primary spermatocytes results in the production of daugh- 
ter cells (the secondary spermatocytes) containing only half the chromo- 
some number of the mother cells This stage of spermatogenesis is a 
fundamental phenomenon in genetics 

4 The remarkable and intricate metamorphosis of the spermatids, 
products of the division of the secondary spermatocytes, into sperma- 
tozoa (spermiogenesw) constitutes the fourth point of interest The 
quality of the spermatozoa produced depends to a great extent on this 
metamorphosis, which begins in the seminiferous epithelium and is com- 
pleted in the epididymis 

5 The various germ cells are situated in the seminiferous epitheh 
um, whose structure, m the interior of the seminiferous tubules, is mam 
tamed by the Sertoli cells 

II Description of the Spermatogemc and Seminiferous Epithelial 
Cycles 

The story of the spermatogemc cycle begins with a single stem cell 
or A type spermatogonium, which provides the starting point of a 
spermatogemc series But, before this senes has completed its evolution, 
scieral new senes are successively produced on the whole mtemal surface 
of the seminiferous tubule (111) Thus, any cross section of a semi 
niferous tubule of the ram, bull, or boar shows several generations of 
superimposed germ cells However, the production of these cells does 

w, hT r y de ' d0p ,n Ctee rela t.on to another. 

With the result that at any given area in the seminiferous epithelium there 

of cdlu,ar oig “ s ,hat 

. ajdc °! ,hc s ™ i "'/<™is epithelium is formed by the senes of 
changes occurring . g.ccn area of the seminiferous epZbZ bl- 
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tween two successive appearances of the same cellular association * 
(74, 75). The duration of the spermatogenic cycle is the interval be- 
tween the appearance of the original spermatogonium and the release of 
the spermatozoa which are produced from it. It thus represents the 
length of time necessary for the formation of the spermatogenic series. 

Moreover, this succession of cellular associations takes place, not 
only at one transverse area, but in the form of a spiral along a portion 
of the seminiferous tubule (110). If two points sufficiently far apart 
along the tubule are examined, the organization of cells is found 
to be the same. This distance is termed the spermatogenic wave. Un- 
fortunately, the spermatogenic wave is subject to numerous irregularities 
(24,36). 

The cyclic character of spermatogenesis is therefore due in particular 
to the sequence in time, and not in space. 

A. The Stages of the Cycle of the Seminiferous Epithelium 

The cellular associations which may be recognized during a cycle 
of the seminiferous epithelium permit the distinction of various phases 
or stages. The number of stages identified by different authors is very 
variable, as they have not all used the same criteria or the same origins. 
We have attempted to give a comparison of the proposed classifications 
m Table I. Due to the diversity in the criteria selected and the species 
studied, slight inaccuracies cannot be avoided. 

Two principal methods of classification may be used — either that 
proposed by Leblond and Clermont (75) and adapted by Clermont and 
Leblond (32) to the ram, bull, and dog, or that used by Curtis (36) 
and Roosen-Runge and Giesel (118), and adapted by Ortavant (92, 98) 
to the ram, bull, and boar. The former is based on the development of 
the acrosomic system during spermatogenesis, and the latter, on the 
meiotic divisions, variations in shape of the spermatid nucleus and the 
release of spermatozoa into the lumen of the seminiferous tubule. 

1. Clermont and Leblond (32) defined 12 stages in the cycle of the 
seminiferous epithelium of the ram and of the bull. In the uniformly 
stained idiosome (stage 1) of the young spermatids, 2 or 3 proacrosomic 
granules appear (stage 2), which fuse into one single acrosomic granule 
(stage 3), during the “Golgi phase.” The cap phase is characterized by 
a slight flattening of the granule on the nuclear surface (stage 4), then 
by tlie appearance of a head cap (stage 5) which gradually covers, first, 
a third (stage 6), then half (stage 7) of the nuclear surface. 

At the beginning of the “acrosome phase” the acrosomic granule and 
the cap migrate toward the basement membrane (stage 8); then the 
acrosomic granule, which is now known as the acrosome, protrudes at 
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the tip of the nucleus (stage 9) and changes from an elongated rod 
(stage 10) into a triangle (stage 11) and finally into a crescent (stage 
12 ) The “maturation phase” therefore succeeds the “Golgi phase ” 

2 According to Curtis (36), Roosen-Runge and Giesel (118), and 
Ortavant (92, 98), 8 stages may be defined in the seminiferous epithe- 
lium cycle of the ram, bull, and boar, they are described as follows 

Stage 1 Extends from the disappearance of spermatozoa from the 
seminiferous epithelium to the onset of elongation and increase m stain- 
ability of the spermatid nuclei (Figs 1 and 8) 

Stage 2 From the beginning of elongation and increase in stainabd- 
ity of the nuclei to the bundle formation of the spermatids (Figs 2 
and 9) 

Stage 3 From the beginning of the bundle formation of the sperma- 
tids to the beginning of the first maturation division of the primary 
spermatocytes (Figs 3 and 10) 

Stage 4 From the beginning of the first maturation division to the 
end of the second maturation division (Figs 4 and 5) 

Stage 5 Begins immediately after the end of the second maturation 
division and ends when the chromatin of the nuclei in the new sperma- 
tids shows a dusty appearance The nuclei of these spermatids contain 
5-6 haryosomes, bound together by a loose network and distributed 
within the nucleus in the ram, and under the nuclear membrane m 
the bull 

Stage 6 From the beginning of the dusty appearance of the nuclear 
chromatin m the new spermatids to the point when all the bundles of 
old spermatids have separated from the nuclei of the Sertoli cells 
(Figs 6 and 11) 

Stage 7 From the beginning to the end of the migration of old 
spermatids toward the lumen of the seminiferous tubules (Fig 12) 

Stage 8 From the end of the centripetal movement of the spermato- 
zoa to their complete liberation into the lumen of the seminiferous tu- 
bule (Figs 7 and 13) 

In this method of classification, all stages, except stage 5, are easy 
to recognize even at a low magnification Moreover, it permits a rapid 
identification of variations in the principal events of spermatogenesis 

8 Frequency of the Stages of the Seminiferous Epithelial Cycle tn 
Domestic Animals 

The seminiferous epithelial cycle in the bull and in the ram are 
similar, but in the boar there arc differences and a tendency toward 
the pattern of the cycle in the rat (Table II) The relative rate of 
occurrence of the first three stages decreases from the bull to the rat 
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( 6 7 2 - 23 %), while that of the last four stages increases ( 262 - 72 - 9 ® ) 
It Therefore appears that in one cycle of the seminiferous epithelium the 
relative frequency of spermiogtnesis increases from the bull to the ram 
and then to the boar 



d ' fferent Sta ^ es ° f ,he «* d 

tic 2. Stain * rf'Iht * ptrmahd nut!ei are round (R) 

Fig. 3 R 3 SL ‘TT 7*? m to **U <M 

tic 4 Stage 4 or tht c\tl^ ^ "T* C formaUon of spermatids (F) 

K the ode me, ot, c divas, ons of primary spermatocytes (X) 
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The relative frequency of spermiogenesis with relation to the cycle 
of the seminiferous epithelium may be expressed as follows bull 
126 2 % ±3 3, ram 138 4% ±25, boar 1567% (preliminary results) 
It is interesting to note that, conversely, the duration of the fertilizing 



Fics 5-7 Cross sections of seminiferous tubules at different stages of the 
c\ele in the bull A Ician blue Ten Igen \( igmfications X 250 

Fir 5 The end of stage 4 of the ejele onl> i few secondary spcnnatocj Its (II) 
hue not divided 

I ir 6 Stage 6 of the ejele showing two gcneritions of spermatids— ont ntwlj 
formed and the other of the previous generation 

Fig 7 Stage 8 of the ejele the heads of immature sperm Uo/oa line tip on the 
inner surface of the seminiferous epithelium When the spermatozoa have been re** 
leased the seminiferous epithelium is found again at sttge 1 of the ejele 
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thelial cycle and the sperrnatogemc senes is lttu&trited in Fig 14 an 
Table IV The cyclic nature of the appearance of the starting poin 
( \,) of each sperrnatogemc series is evident with the repetition of the 
seminiferous epithelial cycle Besides, Table 1\ and Tig 14 show that 
the time taken for the complete evolution of a sperrnatogemc senes is a 
constant multiple of the duration of the seminiferous epithelial cycle, 
i c , 4 6S seminiferous epithelial cycles are involved during the evolution 
of the sperrnatogemc senes All the processes of the development of 
the male germ cells are coordinated as if btj an extremely vigilant or- 
chestral conductor 

Let us now examine the detailed evolution of each germ cell 


III The Cellular Elements of the Spermatocenic Ctcle in 
Domestic Animals 
A The Spermatogonia 

The spermatogonia may be defined as the combination of germ cells 
contained in the parietal layer of the seminiferous epithelium before the 
primary spermatocytes are formed 

The first author to use the term “spermatogonium” was von La Val- 
lette St Georges (136) Unfortunately, he gave this name to the 

branched cells of Sertoli However, the term spermatogonium has been 
conserved by the majority of authors and given to the cells of the 
parietal layer, excluding the Sertoli cells, as defined above 


1 Morphology of the Different Classes of Spermatogonia 
distinguished 01011 ^ ^ anima k’ t ^ lree l >T es of spermatogonia may be 

(a) The dustlike (111) or A type spermatogonia(l), poor in cyto- 
plasm with a nucleus sprinkled with very fine chromatin granules They 
am also named spore-cells" (17), “aa cells" (7), or “inherent cells” 

(b) The intermediate type spermatogonia (31), originating from the 
former tvpc, w lt h a nucleus richer m chromatin § g 

n C r hU ( ; U) ° r B 'HP* spe™atogonioll), result- 
ing from the multiplication of the intermediate tvpe with a nuclear 
membrane thickened bv chromatm crusts ’ 

boMW? 9sTn1 S £T atOg0nia are P resent » *e bull, ram, and 

ir.) L of the A ‘ > ' pe < Figs 15 and 

nilcrous tubule Tl.e nuclei, uhich arc sun^TYt' " a '' of the seml 
an ellipsoid In shape, ss,tl, the We J “ nded b> * thm membranc - 
wall 5 axis '>>"g parallel to the tubule 
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In the center of the nucleus lies a large nucleolus, which strongly 
resembles that of the Sertoli cells. The chromatin is dispersed in small 
granules, giving a dusty appearance to the nucleus. 
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When the A-tvpe spermitogomum is prewiring to diudc, the nucleus 
is stocked with more and more chromatin and the dust particles com- 
bine to form seieral granules The axis of the chromosome spindle 
is nearly always parallel to the membrane of the tubule, so that ti 
daughter cells remain close to the membrane The appearance ot jtie 
A-type spermatogonia, preparing for diusion, is very similar to tliat 
of the intermediate type spermatogonia (Tig 17) Tlicir nuclei are. 


however, smaller (Tabic V) 

The B type spermatogonia (Tig 18) Ime a \cn different appear- 
ance The nucleus is smaller and tends to become spherical The 
chromatin granules, which arc abundant in the ram, hut scarcer in the 
bull and the boar, tend to adhere to the nuclear membrane 

The chromosomes differ m appearance at each spcrmatogomal divi- 
sion They are elongated dunng the prophase of the A-type spermato- 
gonia and shorter and contracted dunng the prnphasc of the B-type 
spermatogonia The chromosomes may be counted easily during the 
spermatogomal divisions 2n = 60 m the bull (83), 2n = 54 in the ram 
(15), 2n = 44 in the rabbit (133) 

In the bull and ram the A type spermatogonia arc present at all 
stages of the seminiferous epithelial cycle The intermediate type 
spermatogonia are present at stage 4 or 5, and the B type spermatogonia 
at stages 6, 7, and 8, and at the beginning of stage 1 


2 The Renewal of the Spermatogonia 

During each cycle, new spermatogonia must appear to replace those 
which develop first into B type spermatogonia and then into primary 
spermatocytes The question is to define the origin of these new 
spermatogonia 

a In the Ram (92) The study of the variations in nuclear di- 
ameter of the spermatogonia during the cycle of the seminiferous epi- 
thelium (Fig 19, Table V) has allowed the identification of five homoge- 
neous generations of spermatogonia 

Since the A type spermatogonia at stages 6, 7, 8, and 1 have larger 
nuclei, they can be considered as stem cells Tins is confirmed b> the 
fact that the basic number of spermatogonia is found at stages 6, 7, 8, 
and 1 (Table VI) when a comparison is made of the numbers of sperma 
togoma per transverse section of the seminiferous tubule The initial 
number of A type spermatogonia is doubled at stage 3 At stage 5, the 
number of intermediate type spermatogonia is double that of the A type, 
while the stock of the latter has been replenished It therefore appears 
that only half of the stage 3 A type spermatogonia have divided to 
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Fie 19 Vamtions of the nuclear diameter ( ji) of spermatogonia in the different 
stages of the ejele From Ortavant (94) 


TABLE VI 

Variations of the Average Number of Spermatogonia ter Cross Section of 


Seminiferous Tubule in the Ram (10 n) 
Number of spermatogonia per cross 


Stage 

section of seminiferous tubule 

Number of 

Spermatogonia A 

Spermatogonia B 

tubules 

1 

37*02 


68 

2 

58*0 1 


22 

3 

86*04 


67 

4 

100*06 


31 

5 

3.3 *0.3 

76*06 

41 

fl 

34*03 

11 8*07 

43 

7 

36*0.3 

15.5 * 0 6 

33 

S 

3.3 * 0,3 

287* 1 1 

47 

1 

37 * 0.2 

59.2 * 2 l(spc) 

68 
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produce the intermediate type, the other half being reserved to form the 
stem cells for the next spermatogeme cycle 

The spermatogonia of the intermediate type divide at stage 6, pro- 
ducing the fourth generation of spermatogonia (stage 7). The latter, 
in turn, undergo a division at the beginning of stage 8, resulting in the 
last generation of B-type spermatogonia, from w Inch the primary 
spermatocytes arise at the onset of stage 1 

9 

i 

Stage 1 | 



hie 20 Diagram of the spermatogonni divisions in the ram and in the bull 
This diagram shows that one of the daughter cells divides four times to produce 
16 primary spermatocytes, while the other daughter cell becomes a dormant type-Aj 
cell during 0 68th of the seminiferous epithelial cycle afterwards ensuring the re* 
newal of the spermatogomal population at the subsequent cycle (31) (thick line) 
The spermatogomal divisions are shown with reference to stages of the cycle of the 
seminiferous epithelium the time taken from the appearance of the stem cell to the 
production of the primary spermatoc) tes is equivalent to that necessary for 1 68 
seminiferous epithelial cycles 

The spermatogomal divisions in the ram are represented by the 
diagram given in Tig 20 The coefficient of multiplication is 16, there- 
fore, 16 primary spermatocytes are obtained from one spermatogomal 
stem 

b In the Bull (97) The spermatogomal divisions seem to occur 
in a manner identical to that described for the ram (Table VII) How - 
ever, the point at which the divisions take place m relation to the cycle 
of the seminiferous epithelium is different The first three divisions 



18 


R ORMVASl 


occur during the first four stages of the cycle, while in the ram, the atad 
division tahes place only at stage 6 The list two divisions occur at 
same staves as m the ram It is very interesting, however, to note that 
both species the third spermdtogonial division occurs at about toil - 
tenths of the cycle after the first division, and the fifth at about a quarte 
of the cycle after the third 


Timr. vit 


Variations of the A\erace Number of Sperxiatoconia. per Cross Section of 
Seminiferous Tubule in the Bull ( 10 ji) 

(Numbers Not Corrected for the Nuclear Diameter) _ 


Stages 

Classes of 
spermatogonia 

Number of 
spermatogonia 

Number of 
tubules 


Ai 

4 15 ± 0 27 

73 

2 

At 

8 18 ±0 97 


3 

In + A 

12 00 ± 1 13 

13 

6-7 

B i 

17 85 1 02 

27 

8 

B, 

36 54 ± 1 27 

24 

1-2-3 

Spermatocytes 

67 38 ± 1 39 

103 


Tlius, in spite of superficial differences the length of life of the 
various spermatogonia! generations is m consfanf relation to the cycle 
of the seminiferous epithelium 


3 Conclusions 

(a) The results that have been obtained do not confirm the theory 
formulated by Stroganova (130) and Esdaman (43), who postulated 
that the spermatogonia arise from cell debris remaining after spermio- 
genesis— a theory refuted by Ortavant (92, 98) and Sourihova (128) 

It is also impossible to admit the ‘’bivalent mitoses” hypothesis of 
Rolshoven (113-115), already discredited by Clermont and Leblond 
(31), since he classified as spermatogonia some cells which are in reality 
>oung spermatocytes On the contrary, the results fully confirm the 
theory of “stem cell renewal” formulated by Clermont and Leblond 
(31) for laboratory animals 

(b) The coefficient of efficiency is an important factor in spermato 
gonial mitoses This coefficient is 16 f or the ram and bull, hut 24 for 
the rat and hamster (25, 31), and, possibly, also for the hoar (Ortavant, 
not published), and 4 for the duck (27) 

It is particularly interesting to note that this efficiency coefficient 
in a hull imUi a subnormal spermatogenesis can decrease to 10 (Table 
VIII) and for rams submitted to long daylight it is reduced to 10 or 
even less (95) 
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It appears that the transformation of the A-type spermatogonia to 
those of the intermediate type constitutes a particularly critical stage 
which sometimes gives rise to numerous degenerate forms The B-type 
spermatogonia, on the contrary, seem to be particularly resistant to 
factors disturbing spermatogenesis (33, 70, 95) In the study of normal 
spermatogenesis the problem is to find one animal which shows all the 
spermatogeme potentialities of the species 


TABLE VIII 

Seminiferous Epithelium in the Bull with Normal and Subnormal Sperma- 
togenesis (10 }i ) (Numbers Not Corrected for the Nuclear Diameter) 


Cellular elements 

Normal spermatogenesis 
Stage 1 Stage 6 

Subnormal spermatogenesis 
Stage 1 Stage 6 

Sertoli 

23 4 * 1 6 

24 2* 16 

25 2 * 0 6 

240*09 

A spermatogonia 

3 9*04 

51*06 

44*05 

46*05 

B spermatogonia 


17 I * 1 6 


12 8 * 1 1 

Spermatocytes I 

64 2 * 2 0 

70 3 * 4 0 

49 0 * 1 3 

452*22 

Spermatocytes I 

65 2 * 1 9 


488* 14 


Spermatids 

219 3*83 

214 6 * 12 7 

167 4 * 4 7 

167 6 * 6 5 

Spermatozoa 


180 8 * 13 7 


138 2 * 6 6 

Number of tubules 

39 

7 

40 

20 


In this way, the importance of the spermatogonia in the quantitative 
efficiency of spermatogenesis may be demonstrated 


B The Spermatocytes 

The primary spermatocytes , products of mitosis in the fifth genera- 
tion of spermatogonia , represent the germ cells, which undergo meiottc 
diouton 

1 The Different Phases of the Meiotic Prophase 
The young primary spermatocytes originate at the beginning of stage 
8 in the cycle of the seminiferous epithelium (boar), or in the beginning 
of stage 1 (bull and ram) Immediately after their formation, the nuclei 
of the primary spermatocy tes show such a great resemblance to those 
of the mother cells that they have often been mistaken for the B type 
spermatogonia (1, 66, 113-115, 134, 137) 

The chromatin crusts distributed under the nuclear membrane of 
the primary spermatocytes become dispersed within the nucleus and 
gi\c rise to thin chromatin filaments In the bull, these filaments 
contract strongly and the chromosome spirals are reduced to only a few 
coils (83, 121) (Hg 21) 
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RnosenRun»e ind Giesel (118) have called the cells during _ 
ph.w "the prespermatoc) tes It is however, preferable to use only 
name primary spermatocytes for all the cells belonging to this g 
“on Otelthors have used the term “resting spermatocyte bnt 
this should also be rejected, since an active synthesis of deoxynb 
acid (DNA) occurs during this phase (96) The majority o w 
oow agree on the use of the term “preleptotene’ for thrs phase, which 
precedes the classic stages of the meiotic prophase 



Fic 21 Young primary spermatocytes with contracted chromosc 
( stage 2 of the cy cle ) Alcian blue Feulgen Magnification X 1100 


The tension of the chromosome spiral in the primary spermatoc) tes 
of the bull diminishes at the leptotene phase, and long slender chromo 
somes are obtained The centromere is situated at the extremity of t e 
chromosomes near the nuclear membrane, resulting in a bouquet in- 
arrangement of the chromosomes one part of the nucleus having been 
set free (83) Tins is particularly noticeable at stage 2 of the seminifer 
ous epithelial cycle in the ram and bull 

At the zygotene phase, homologous chromosomes pair off and their 
Ixmquet arrangement becomes still more apparent (stages 3, 4 and D 
of the seminiferous epithelial c) cle in the ram and bull) 

At the pachytene phase, each chromosome divides longitudinally into 
two chromatids — the chromosomes thus appearing thicker This phase 
mav be observed at stages 6, 7, 8 and 1 of the seminiferous epithelial 
c\cle m the ram and hull 

The dipFofcne phase is characterized bv the formation of chiasms 
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between the homologous chromosomes, with the result that they are less 
easily distinguished from one another (stages 2 and 3 of the seminiferous 
epithelial cycle of the hull and ram). 

Finally, at dmhnesis, the last stage of the meiotic prophase, the 
contraction of the chromosomes is greatest and each bivalent shows A 
different arrangement 

The end of the meiotic propliase coincides with stage 4 of the semi- 
niferous epithelium, during which the metaphase, anaphase, and telo- 
phase oqcur rapidly Two secondary spermatocytes are now present 
They have a spherical nucleus containing 5-6 particles of chromatin 
joined together by a network of filaments Knudsen (70) maintains that, 
m the bull, the chromosomes do not disappear entirely during the mter- 
phase This interphase lasts only a few hours, then each secondary 
spermatocyte divides, to give rise to two spermatids 

The meiotic activity of a testis can be measured by means of a 
meiotic index per group of 100 standard seminiferous tubules ( a standard 
seminiferous tubule is defined as a cross section of a tubule containing 
100 primary spermatocytes) 

Average number of metaphases and ana- 
phases per cross section of tubule X 100 

Meiotic index = 100 X — ; 

Average number of primary spermato- 
cytes per cross section of tubule 

In the ram, the average meiotic index is 63, but it seems to be sub- 
ject to some diurnal variations, since it changes from 40 5, m the he 
ginning of the afternoon, to 79 4 toward the middle of the night (100a) 

2 Spermatogemc and Genetic Consequences of Metosts 

Meiosis also plays a part in governing the quantitative and quahta 
five efficiency of spermatogenesis A certain number of primary sperma 
tocytes do not pass the zygotene stage, instead, in rams exposed to long 
daylight, they give rise to pyknotic nuclei (95) (Fig 22) In the hull, 
the meiotic metaphase and the secondary' spermatocytes also constitute 
critical stages m spermatogenesis Moreover, the loss of a chromosomal 
segment during a hcterozy gote translocation seems sufficient to produce 
a spermatozoon unable to induce a complete gestation (70) Irregularity 
in meiosis seems to be especially frequent in the young bull (45) 

The genetic consequences resulting from the particular behavior 
of the chromosomes during meiosis will not be der eloped here How- 
ever, an examination of the behanor of the X-Y bivalent may be in- 
teresting Woodsedalek (141, 142) was of the opinion that, in the 
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bull dimorphism among the spermatozoa could be explained by the 
. .£ t ; ie heart shaped sexual chromosome in advanc 

other chromosomes to one of the poles It would seem howev«, 
that such a phenomenon is due rather to the occurrence of a bwalen 
autosome exhibiting difficulties in co orientation (83). The A 


leng daylight 



Fic 22 Critical stages of the spermatogemc cycle in rams exposed to long 
daylight The percentages indicate the sum of degenerate cells at successive stages 
of spermatogenesis in the rams exposed to long daylight, thus showing how the 
efficiency of spermatogenesis is reduced under these conditions From Ortavant (9o) 


valent is represented in the hull by a long chromosome, X, and a 
\er> short chromosome, Y (80, 83) In any case, two categories of 
spermatozoa are obtained Many authors have tried, with varying suc- 
cess, to take advantage of the properties of these two categories of 
spermatozoa, with the aim of controlling the sex ratio, either by electro- 
phoresis (52, 122), or by countercurrent centrifuging (79) 
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C The Spermatids 

Spermiogenesis, the sum of the nuclear and cytoplasmic changes in 
the spermatids, is certainly the fraction of the spermatogemc cycle that 
has been the most intensively studied, due mainly to its spectacular 
nature These changes govern, to a great extent, the quality of the final 
product, the spermatozoa We shall now examine the development of 
each component of the spermatid m order to understand the structure 
of the spermatozoa 

1 Development of the Nucleus of the Spermatid 

The nuclear membrane of the spermatids is double and does not 
contain communicating pores between the karyoplasm and the cyto- 
plasm, even though pores of this type are frequent m the spermatogonia 
(19) The nucleus of the young spermatids (stage 5), although smaller, 
is similar to that of the secondary spermatocytes (Table IX) 

TABLE IX 


Development or the Size of the Nucleus or the Germ Cells in the Ram (98) 



Spermatocytes I 

Spermato- 
cytes II 



Pxeleptotene 

Diplotene 

Spermatid 

Average diameter (\i) 

6 0 ± 0 05 

9 1 ± 0 08 

7 3 dr 0 04 

5 7 ±0 02 

Avenge volume (ft) 

122 ±4 

423 ±8 

198 ±4 

97 ±2 


The nucleus contains several large granules of chromatin of various 
sizes, often distributed within the nucleus in the ram, or below the 
nuclear membrane in the bull These granules are bound together by a 
network of fine filaments, which, after a while, disintegrate into dustlike 
granulations (stage 6) and become homogeneous during stages 8 and 1 
of the seminiferous epithelial cycle Immediately afterward, the nucleus 
elongates and flattens dors oven trally (stage 2), the contents become 
condensed into large, very dense granules A postnuclear cap, which 
seems to result from the differentiation of the nuclear membrane, is 
formed in the posterior part (19) Then the nucleus in all domestic 
animals (bull, ram, goat, boar, stallion, and rabbit) gradually takes the 
shape of a spatula, in certain laboratory animals (rat, hamster) it forms 
a sickle During this metamorphosis, the nucleic acid molecules gather 
to form lines parallel with the longitudinal axis (50, 53), giving the bire- 
fringence (106) or X-ray diffraction (139) phenomena 

It is important to notice that the base of the spermatid nucleus of the 
bull contracts during stage 2 of the seminiferous epithelial cycle (Tig 
23) Without doubt, the pyriform spermatozoa described in the litera- 
ture as abnormal (63, 71) are formed at this stage 





24 


R. ORTAVANT 


2 Development of Cytoplasmic Components 

a The Acwsomw System - The formation of the acrosomic sistem 
in thexanous domestic animals is very similar (26 32, 59, 60, 61, 93, 9 ) 
A remarkable description of the evolution of this sxstem is gnen in 
the studies on the cat made b) Burgos and Fawcett (19) 

The Golgi complex m the cytoplasm of the joung spermatid, con 
statutes a zone of numerous small \acuoles surrounded b> flattened 
vesicles with parallel limiting membranes (19, 28) In the living cells 
as established b\ studies on the rat (6), this Golgi complex assumes a 
U shape 
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Two or three granules, the proacrosomic granules, appear inside this 
complex, the granules and the substance m which they are immersed are 
stainable with periodic acid-Schiff (PAS) technique The name idiosome 
is often given to this system 

Soon the proacrosomic granules gather to form a single acrosomic 
granule, which appears to be contained m an acrosomic vesicle (stage 
6 of the cycle) (Fig 24) This vesicle, sometimes considered as an arti- 
fact, actually seems to exist, as it has been seen with the phase-contrast 
microscope (56, 89, 104) It is also very distinct in electron micrographs 
(19, 28) The vesicle and the acrosomic granule now move toward 
the anterior part of the nucleus, the inner membrane of the vesicle 
adheres to the nuclear membrane, which, for this reason, appears 
thicker The acrosomic granule is deposited on this part of the nuclear 
membrane Soon the rest of the Golgi complex separates away from the 
acrosomic vesicle and migrates toward the caudal part of the cell, often 
disintegrating during this process 

The acrosomic vesicle, flattened onto the nucleus, forms the head 
cap, encompassing the acrosomic granule between its outer and inner 
membrane (Fig 25) This cephalic cap grows during stages 8, 1, and 2 
of the seminiferous epithelial cycle and finally covers nearly two thirds 
of the nucleus in the ram and the boar, and a little less in the bull 
Meanwhile, the acrosomic granule is also undergoing some modifica. 
tions At stage 2 of the seminiferous epithelial cycle, when the nucleus 
is becoming longer and flatter, the shape of the acrosomic granule 
changes into a very elongated wedge (Fig 26} Then, at stage 3 and 
during the following stages, it flattens gradually onto the nucleus, gi\ ing 
rise to the acrosomc (Fig 29) 

However, the disappearance of the outer membrane of the acrosomic 
\esicle and that of the cytoplasmic membrane after the dispersal of 
the cytoplasm have never been detected by means of the electron micros 
scope (19, 22) There are thus two membranes outside the acrosomc 
the cytoplasmic membrane of the spermatid and the outer membrane 
of the head cap (Tigs 27 and 28) 

The combination of the acrosome and the head cap form the acro- 
somic system (74) 

b The Caudal Sheath or Manchettc During stage 2, a tubule, the 
caudal sheath, appears in the cjtoplasm around the caudal pole of the 
nucleus (Tig 28) The anterior part of this tubule is situated at the 
base of the cephalic cap, while the posterior part opens into the c>to- 
plasm The caudal sheath, which appears to be differentiated from the 
cjtoplasm, is composed of \cn thin filaments encircling the axial fila- 
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spermatid of the cat 

Key PMSe = plasma membrane of the Sertoli cells PMSp = plasma memuran 
of the spermatid OLCap = outer layer of the acrosomic reside Ac Gr r= acrosom'C 
granule ILC = inner layer of the acrosomic vesicle NM = nuclear membrane 
N s= nucleus Drawing after an electron micrograph From Burgos and Fawce 
(19) 


OLC 

ILC 


Fic 28 Elongate spermatid of the cat 

Key PMSp = plasma membrane of the spermatid OLC = outer layer of the 
acrosomic reside Ac = acrosome ILC =s inner layer of the acrosomic vesicle 
P\It = pennuclear ring CS = caudal sheath PC = proximal centriole RC = rmg 
ccntnole Drawing after an electron micrograph From Burgos and Fawcett (19) 
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ment (84, 13S). These filaments originate from a ringlike structure situ- 
ated just below the base of the cephalic cap. The swelling that some- 
times has been found at this level may be explained by the presence of 
this perinuclear ring (57). When the general dispersal of the cyto- 
plasm takes place, during the fourth and following stages, it appears as 
though the caudal sheath were gliding along the posterior part of the 



Fic. 29. Diagram of the formation of the ncrosomic system of the spermatozoa 
in the ram. a-d: The proacrosomic granules fuse into the single ncrosomic granule, 
c-h: The ncrosomic vesicle produces the hend cap which covers the nucleus. The 
Golgi remnant migrates toward the caudal part of the cell. 1-1: The ncrosomo 
elongates, then flattens onto the nucleus. The cytoplasmic droplet appears, m-o: 
The head cap disappears after the acrosome during the conservation of collected 
spermatozoa. From Ortavant (9S). 

nucleus. It finally disappears in the final stages of speriniogcncsis, but 
its exact role has not vet been established. 

c. The Tail (Locomotive Apparatus). The axial filament; The de- 
velopment of the axial filament In the mouse has been studied verv in- 
tensively by Challice (22) and in the rat by Ynsuztmii (113); the major 
part of the following description lias been taken from their work. 
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The filament seems to originate from the proximal ccntnolc v> 
the latter is migrating toward the posterior part of the nucleus, 
formed initially of nine fibrils, arranged in a circle around one cen r. 
fibril, and surrounded by a tubular membrane. Toward the end o 
spermiogencsis the structure is more complex. 

In the proximal section, the central fibril, which has now divided in o 
two parts, is surrounded by two concentric circles of fibrils, an outer 
circle of twelve fibrils having been formed round the circle of nine 
already described. 

In the distal section, the two circles of fibrils are less distinct, since 
the outer fibrils have become thinner and more closely pressed against 
the corresponding inner fibrils. These fibrils are straight and not twisted 
into a spiral. 

The middle piece: During stage 2 of the seminiferous epithelial cycle, 
the mitochondria of the spermatids start to collect inside the caudal 
sheath. Then, between stages 5 and 7, they assemble into a double spiral 
around the axial filament to form the mitochondrial sheath of the 
middle section, between the proximal centriole and the distal ringlihe 
centriole. 

Such are the principal phenomena that take place during the trans- 
formation of a spermatid into a spermatozoon. Let us now examine the 
structure of the adult spermatozoon in the light of these transformations. 

D. Morphology of the Spermatozoon 
The mature spermatozoa of domestic animals and other species ex- 
hibit approximately the same morphological characteristics (9, 43a). 
They are composed of three principal regions: the head; the neck; and 
the tail, which consists of the middle piece, the main piece, and the end of 
the axial filament. 

The dimensions of each of these component parts are given in Table 
X. There is little variation between the several domestic species, with 


TABLE X 

Comparative Size of Spermatozoa 


Animal 

Head 

Middle 

piece 

Main tail piece 

References 

Length 

<u) 

Width 

(9) 

Length 

(9) 

Width 

(9) 

Length 

(9) 

Width 

(9) 

Bull 

9.15 

4.25 

14.84 

0.670 

45-50 

0.51 

(ID 

Ram 


4.25 

14 

0.800 

40-45 

0.500 

(106) 

Boar 


4.25 

10 





Stallion 

7.0 

3.91 

9.83 





Stallion 

5 

2.4 

8 

0.500 

30 

0.490 

(10) 
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the exception that the head of the spermatozoon in the stallion appears 
to be smaller 

1 The Head 

The head of the spermatozoon m domestic animals is for the most 
part composed of the nucleus, giving marked reactions characteristic 
for DNA, ■which constitutes 43% of the chromatin m the bull (77), the 
remaining 57% consisting of proteins rich in arginine 

The amount of DNA present m the nucleus of the spermatozoon cor- 
responds to half of that of the majority of somatic nuclei (78) Varia- 
tions in form (a pyriform head), size (a small head), and DNA content 
often result in subfertility in the bull (16, 71, 76) In certain rodents 
the nuclear membrane bears an anterior excrescence, called the per- 
foratorium (29) 

The anterior part of the nucleus in the spermatozoa of domestic 
animals is protected by the acrosomic system, which, according to the 
majority of authors, has a double structure, an inner and outer acrosomC 
( 14, 16, 60, 61, 106) Theoretically, taking spermiogenesis as a basis, the 
following elements should be found in the mature spermatozoa Proceed- 
ing successively from the exterior inward, they are the cytoplasmic mem- 
brane of the spermatid, the outer membrane of the acrosomic vesicle, tho 
acrosome, derived from the acrosomic granule, the inner membrane 
of the acrosomic vesicle, thickened and pressed against the nuclear 
membrane (Fig 30) 

\5nfortunately, such a structure has never been recorded However, 
Randall and Fnedlander (106) have found a close resemblance to it 
in the spermatozoon of the ram It is possible that the galea capitis 
is made up of a combination of tiie first two membranes ( 16, 109) In an) 
event, the acrosomic system constitutes a very fragile structure, the 
acrosome disappears before the cephalic cap, in the bull as well as in 
the ram spermatozoa (93) 

The acrosomic sjstcm is composed of mucopol) saccharides, contain* 
mg galactose, mannose, fttcosc, hcxosaminc (30), and acid and alkaline 
phosphatases (48, 82) It also contains a substance winch shows a red 
fluorescence with a small concentration of acridine orange (S) 

The role of the acrosome will be discussed in Chapter 12 of Volume 
I However, for future reference, it maj he mentioned here that a heredt- 
tarj anomilv in the acrosomic svstem causes storilitv in the hull (59) 
or quasi-sUnhtv m the mouse (105) 

The base of the nucleus is surrounded In the postnticlcar cap, nnd, 
undoubted!), also b) the cvtoplasmlc membrane of the spemntid The 
postnucleir cap, winch is gram positive (46), is funned of fibrous pro- 


n OUTCAST 


ti ins rich tn sulfur It is < isiK impregnated ssilll sihrr 
rltail spcrmitoro i is sir} perms ibis to cirtlin decs such 
(73) bromoplienol hint mill hromisresol green (1-) Tills pr P 
is usul as a method (nr the rr e-ngmlion of ill ul spi nn itorm ’ 

in spite ot this ls ith nee tin presence of the pmtiiuch ir tip his in 
denied “ these properties appear tn ri side in the condenses i 
stance of the nucleus itself (13a) It is also Import mt to note esitl 




Fie 30 Tl eoretieal d agram of a spermatozoon of domestic animals After 
Randall and Fnedlandcr ( 106 ) Chalice ( 21 ) Rradfitld ( 14 ) Bretclineider ( 16 ) 
Hancock and Trcvan (01) 

Key PM = plasma membrane AC = acrosome OLC = outer membrane of 
the head cap 1LC = inner membrane of tl e head cap WI — nuclear membrane 
FNC = postnuclear cap PC = proximal centriole CB =: basal granule AlS 
m tochondnal sheath Mi = mitochondna MiS = mitochondrial spiral FI = fibril 
RC = nog centnole CH = cortical 1 eluc 
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regard to the conservation of spermatozoa that their membrane is very 
resistant to acids, but very sensitive to alkalis (37, 54) 

2 The Neck 

The neck connects the head to the locomotor system, the tail It 
is composed of basal granules and bundles of fibrils At least one of 
the basal granules, which appear to be three in number, originates from 
the proximal centnole These granules can be demonstrated by the 
Giemsa staining method (61), or by their fluorescence with rhodamine 

( 3 ) 

The three fibril bundles (16, 106), which most likely are derived 
from the three fibnl bundles found m the axial filament, are inserted 
onto the three basal granules When the spermatozoon loses its motility, 
the proximal centnole loses the property of fluorescence with rhodamine 
(8) The neck is one of the weakest parts of the spermatozoon, as the 
slightest disturbance of the maturation of the spermatozoa m the epi- 
didymis, eg, heat, fever, or infection, results m a large proportion of 
tailless spermatozoa 

3 The Tail 

The axial filament of the tail is composed of two axial fibnls sur- 
rounded by two concentric circles of nine fibrils, hence the structure of 
the axial filament is of the type 9 + 9 + 2, derived from the general 
type 9 + 2 found in flagellates (Figs 30 and 31) (14) 

a The Middle Piece The middle piece constitutes the proximal 
part of the tail In this section, three of the fibrils (numbers 1, 5, and 6) 
of the outer circle, each one originating from the fusion of two fibrils, 
are larger than the others Consequently, there exists only one axis of 
symmetry' (Tig 31A) — the diameter that is perpendicular to the central 
pair of fibrils (14) The fibril bundles arc enclosed by a double spiral 
of mitochondria (14, 16, 22) The outer membrane is apparently derived 
from the cytoplasmic membrane of the spermatid (22) 

While in the anterior portion of the epididymis, the neck of the 
spermatozoa contains a cytoplasmic droplet that migrates toward the 
distal end of the middle piece, from which it is later eliminated (107- 
109) This droplet arises utlicr from the remainder of the Golgi complex 
or from the disintegrating perinuclear ring The spermatozoa do not ac- 
quire motility until this droplet has migrated to the distal end of the 
middle piece, but its actual role is not understood The presence of 
spermatozoa bearing a cvtoplasnnc dropUt in the anterior portion of the 
middle piece signifies a defect in the maturation of the tpfdtdvinis. (5S, 
71). 
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1) The Mam llici In tin mnn plico of tin till tb< i |,ne **'’"'* 
of tlic Ollier circle litcnmi more xkntlir mil ire pressed ngilnst 1C 
corresponding inner fibrils (I ig dll!) In ill llu spanntn/oi nf domes 
he inrnnls llu rail bundle of l) + *) 1-2 fibrils coni tins tno longitudl 
nil nbs situated on the nunc diameter is the centnl pdr of fibrils n,u 
surrounded In i helix (II 21) or ortumfe re nthl strimls (Hi) o 
structunl protuns Tins lulix nun little affected bv ickU but Is 1 151 ' 
dissolved in alVilts with vinous chinctemtic properties of solubilit' 



Fie 31 Transverse section of tl c mi 1 lie piece (A) and t f t! e imin piece ( 
of the ta 1 of a spermatozoon 

Key SM = outer mcml ranc of tl c tail MH = mitoel nn Inal 1 elk Til = corti 
cal 1 clix Draw ng after electron m crograpl s l y Cl allies (22) an 1 Bradfel 1(H) 

Bridfield (14) concludes tint with these properties the helix cannot be- 
a contractile element This whole structure is surrounded b) i inemhr me 
The contraction mechanism of the flagellum Ins been discussed in 
detail by Bradfield (14) The contractions ire excited b) rhythmic im 
pulses which occur first in the bisal corpuscle and are then transferred 
to each fibril in turn The contraction or relaxation of each fibril gi'CS 
rise to some interactions between its contractile proteins and a small 
molecule rich in energy which is destroyed during the process of con 
traction and then is regenerated by the mitochondria of the middle 
piece Due to the arrangement of the fibrils m the outer bundle the 
movement of the tail is governed by two dimensional waves 

c The End of the Axial Filament The end of the axial filament 
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measures 3 ji in length The helix of structural proteins disappears, leav- 
ing only the cellular membrane surrounding the fibril bundles (21) 
These are the principal characteristics of the normal structure of 
the spermatozoa of domestic animals- — a complex structure, but under- 
standable if followed from the beginning of spermiogenesis However, 
there are spermatozoa, particularly in the bull, whose structure is ab 
normal when compared with the type structure defined here That is 
the reason why some authors (63, 71) have established abnormality 
tables Indeed, any alteration of the structure of spermatozoa entails a 
decrease m their quality (63, 72, 131) 

IV The Sertoli Cells 

The name of these cells originates from the fundamental discovery of 
Sertoli, who first described the ‘ branched cells' " of the seminiferous 
tubules These cells had been called “sustcntacular cells ” Since the 
discovery of Sertoli, some authors (111, 112), unaware of the existence 
of a cytoplasmic membrane limiting a zone of cytoplasm around each 
nucleus, have mentioned the “syncytium of Sertoli ’ However, due to 
observations using the electron microscope, it seems clear that each 
Sertoli cell is limited by a distinct membrane (44) Thus, the germ 
cells are not bathed in the cytoplasm of the Sertoli cells, but occup) 
deep recesses in its irregular surface The links between the cytoplasm of 
the Sertoli cells and the germ cells undergo cyclic variations (41) 

The cytoplasm contains fine filaments and numerous granules of 
gty cogen and gl) coproteins (42, 44, 117), as well as a large number 
of lipid droplets that increase with age (123) It has been shown, by 
means of radioactive acetate (117), that the turnoier of these lipids 
is \erv rapid In addition, the Sertoli cells contain some ketostcroids 

(5) 

Tlie nucleus of the Sertoli cells has a particularl) characteristic ap- 
pearance It contains a large nucleolus, known as the plasmasome 
(129), with 2 or 3 satellite karjosomes The surface of the nucleus is 
irregular, with very deep indentations, its triangular or elongate shape 
varies during the cycle of the seminiferous epithelium (75) The nuclei, 
the mijontN of which arc perpendicular to the basal membrane of the 
seminiferous tubules before the release of the spermatozoa into their 
lumen, tend to become piralltl to this membrme Even though the 
shape of the Sertoli nuclei vanes during the seminiferous epithelial 
cvtle, their number is const int (Table XI) 

When spermatogenesis is disturbed and the volume of the testis 
reduced under the influence of hvpophssectoim (33), or the* length of 



n on ta\ avt 


T> 

h The Minn line In llu mun pkei of tin till lilt nlnt fill"'* 
of the. outer circle btconu more slimier am! irt pressed against ,c 
tor responding inner fibrils (Hr 11H) In ill tin sperm doyen of domes 
tic mimals the axtd bumllt of D -\ \ 2 fibrils contains two longdudi 

nal ribs situated on the s inu dhine ti r as the ce ntr il p dr of fibrils aw 
surrounded by a helix (It 21) or eireumferenti d stnnds (!1») o 
structural proteins Tins helix is sen little nffeeteel b\ acids but Is tasi \ 
dissolved in alhdis with \ irious clnnetimtic properties of solubihts 
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Fie 31 Transverse section of tl c mid 11 pices. (A) an 1 of tl i ml n piece (U) 
of tl c tall of a spermatozoon 

Key SNl = o iter mcml rane of tl c tall Mil = n Itoel on lrlal helix TH = celt 
cal helix Drawing after electron mlciograpl s \>y Cl alllce (22) and Dradfdd (M) 

Bradf eld (14) conclueles that with these properties the helix cinnot be 
a contractile element Tins whole structure is surrounded by a membrane 
The contraction mechanism of the flagellum h \s been discussed in 
detail by Bradfield (14) The contractions are excited by rhythmic im 
pulses which occur first in the basal corpuscle and are then transferred 
to each fibril in turn The contraction or relaxation of each fibril gi'C s 
rise to some interactions between its contractile proteins and a small 
molecule rich in energy which is destroyed during the process of con 
traction and then is regenerated by the mitochondria of the middle 
piece Due to the arrangement of the fibrils in the outer bundle the 
movement of the tail is governed by two dimensional waves 

c The End of the Axial Tilament The end of the axial filament 
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measures 3 \i in length. The helix of structural proteins disappears, leav- 
ing only the cellular membrane surrounding the fibril bundles (21). 

These are the principal characteristics of the normal structure of 
the spermatozoa of domestic animals — a complex structure, but under- 
standable if followed from the beginning of spermiogenesis. However, 
there are spermatozoa, particularly in the bull, whose structure is ab- 
normal when compared with the type structure defined here. That is 
the reason why some authors (63, 71) have established abnormality 
tables. Indeed, any alteration of the structure of spermatozoa entails a 
decrease in their quality (63, 72, 131). 

IV. The Sertoli Cells 

The name of these cells originates from the fundamental discovery of 
Sertoli, who first described the “ branched cells’ ' of the seminiferous 
tubules. These cells had been called “sustentacular cells” Since the 
discovery of Sertoli, some authors (111, 112), unaware of the existence 
of a cytoplasmic membrane limiting a zone of cytoplasm around each 
nucleus, have mentioned the “ syncytium of Sertoli.” However, due to 
observations using the electron microscope, it seems clear that each 
Sertoli cell is limited by a distinct membrane (44). Thus, the germ 
cells are not bathed in the cytoplasm of the Sertoli cells, but occupy 
deep recesses in its irregular surface. The links between the cytoplasm of 
the Sertoli cells and the germ cells undergo cyclic variations (41). 

The cytoplasm contains fine filaments and numerous granules of 
glycogen and glycoproteins (42, 44, 117), as well as a large number 
of lipid droplets that increase with age (123). It has been shown, by 
means of radioactive acetate (117), that the turnover of these lipids 
is very rapid. In addition, the Sertoli cells contain some ketosteroids 
(5). 

The nucleus of the Sertoli cells has a particularly characteristic ap- 
pearance. It contains a large nucleolus, known as the plasmasome 
(129), with 2 or 3 satellite karyosomes. The surface of the nucleus is 
irregular, with very deep indentations; its triangular or elongate shape 
varies during the cycle of the seminiferous epithelium (75). The nuclei, 
the majority of which are perpendicular to the basal membrane of the 
seminiferous tubules before the release of the spermatozoa into their 
lumen, tend to become parallel to this membrane. Even though the 
shape of the Sertoli nuclei varies during the seminiferous epithelial 
cycle, their number is constant (Table XI). 

When spermatogenesis is disturbed and the volume of the testis 
reduced under the influence of hvpophysectnmy (33), or the length of 
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daylight (95), the consequent shortening of the seminiferous tubules 
gives an impression of increased numbers of Sertoli cells per cross sec- 
tion of the seminiferous tubule, but their actual number does not vary. 

The exact role played by the Sertoli cells is not yet very well knowfl. 
The structural role seems to be incontestable, especially concerning 
the origin of spermatogenesis in the young male. In addition, variations 
in their viscosity allow release of the spermatozoa into the lumen c)f 
the seminiferous tubule (73). It is also possible that they protect cer- 
tain germ cells (7, 112) and allow the maturation of the spermatids (41). 
Finally, their secretory role, particularly concerning the production of 
estrogens, seems to be undeniable (123). 

V. Establishment of Spermatogenesis in the Young Male 

We have observed the precision and regularity of the spermatogenic 
cycle in the adult. We may now ask how and when does this cycle 
appear. The reply to this question has often been the subject of contro- 
versy. 

In the ooine fetus (81), the sexual differentiation of the gonads takes 
place about the 35th day. A male gonad is characterized by the appear- 
ance in the periphery of several consecutive layers of cells parallel with 
the outer membrane. From the 45th day the outline of the seminiferous 
tubules may be distinguished. At this time they contain two types of 
cells: the supporting cells, which have a small nucleus and are arranged 
in circles around one or several large cells, that are the gonocytes or pri- 
mordial germ cells. Soon after, tire development of tile gonocytes is ar- 
rested until the animal is bom; in the female gonad, active multiplica- 
tion of the ovogonia begins (Fig. 32). 

In the bovine fetus (119) the same process appears to take place: 
the gonocytes cease multiplying very' soon after the formation of the 
seminiferous tubules. 

Two opposing theories have been put forward to account for the 
further development of the gonocytes. Some workers consider that the 
gonocytes degenerate completely and that the supporting cells give rise 
to the spermatogonia and Sertoli cells; others postulate that the gono- 
cytcs do not degenerate completely but give rise to the spermatogonia, 
while the supporting cells arc transformed into the Sertoli cells. The 
problem of a choice between these two theories has been solved recently 
by Clermont and Percy (31) in the rat, and by Courot (35) in the lamb 
and calf. The conclusions are the same in both cases. The supporting 
cells proliferate for a certain time after birth, then stop dividing, and 
are transformed into Sertoli cells, but do not give rise to the A-tvpe 
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Fic 32 Sex cord from 70-day lamb fetus slowing gonocyte (C) and some 
supporting cells (S) From Mauleon (81) 

Fig 33 Seminiferous tubule from 140-day lamb at stage 7 of the cycle Th*- 1 ® 
arc two generations of spermatids round nuclei (R) and elongated nuclei l ' 
spermatids from Courot (33) 

Fic 34 Sex cord from 75-day calf m which numerous gonocy tes (G) are 
present S = supporting cells from Courot (35) 

Fic 35 Semin ferous tubule from 194-day calf showing two young primary 
spermatocytes (Spcl) with contracted chromosomes and one A type spermatogonium 
(stage 2 of the cycle) from Courot (35) 
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6 Some seminiferous tubules contain many spermatozoa 
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spermatugonn, «h.ch *.11 serve as tlic start.ng point for tl.o spermato- 

lamb (35) (Table XII) ft « P^-We ^ 
atolv after birth, to distinguish the tsso categories of cells already r b 
n.zed in the fetus-tllc small supporting cells vvl'.ch co.ltain ^ 

formly filled ssith intensely stained chromatin and "'" C , cc lls 

around the seminiferous tubule, and the gonocytes, « , “ ch 
containing lightly stained spherical nuclei Tlic supporting ecl P 
ate slightly for a month and a half after lnrth, then stop c ^ u1,n S ‘ 
gmto take on the aspect of Scrtoh cells about the l 100th d.yj£ 
gonocytes, on the contrary, dn.de scry little during the first 
after birth, but, about the 90-95tl. day, they gisc rise to the A-typ 
spermatogonia, followed about the 105th day hy the primary sper 
eytes and about the 120-125th day by the spermatids The ast : stage « 
the cycle of the seminiferous epithelium occur only tow ard the lw- 
day (rig 33). These last dates coincide partly with those cited 
Southdown and Shropshire lambs (102) 

In the cajf (33, 65, 102) a similar development takes place, » 
spermatogenesis does not commence until after four months ant 
first spermatozoa appear at about the seventh month (Figs 34 and 3o ) 

In the young boar (55, 86, 102) the primary spermatocytes a PP e ‘j ’ 
on an average, about the third month and the spermatozoa betw een * 
fourth and the fifth month, with slight variations between breeds 


TABLE XIII 

Time Variation (Days) of Appearance of CEn\i Cells in Domestic Animai^ 


Animal 

Spermato 
cytes I 

Spermato- 
cytes II 

Spermatids 

Spermatozoa 

Reference 

Calf 

104 

181 

181-182 

224 

(1 02) 


120 

180 


255 

(65) 

Lamb 

63 

126 

126-127 

147 

(102) 


56 

70 

168 

168-182 

(20) 


105 

125 

120-125 

140-145 

(35) 

Boar 

84 

105 

126 

147 

(102) 



9&-175 

140-175 

147-182 

(55) 


135 

155 

155 

180 

(62) 



61 

90 

121 

(86) 


The observed variations in the time of initiation of spermatogenesis 
(Table XIII) are largely due to two facts— that initiation of spermato 
genesis is dependent more on the development of the animal than on 
its age (35, 138a) and that certain authors (20, 102, 119) have mistaken 
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the supporting cells for spermatogonia and the gonocytes for primary 
spermatocytes. When this error is corrected, it is evident that, from the 
beginning of the establishment of spermatogenesis , the cyclic changes 
of the seminiferous epithelium are similar to those observed in the adult 
{34, 35). 

VI. Duration of the Spermatogenic Processes 
The determination of the length of the spermatogenic cycle is im- 
portant because it constitutes the basis of any study of the various fac- 
tors influencing spermatogenic activity. It is indispensable to know the 
time that elapses between the moment when a particular factor acts on 
certain germ cells and the moment when the spermatozoa produced 
from those cells are assembled for use. The determination of the length 
of this cycle demands, on the one hand, an exact knowledge of the evo- 
lution of the spermatogenic processes and, on the other, the perfection 
of a precise method of measurement that has no influence on the natural 
course of this evolution. The conflicting results that have been obtained 
in the past have been due to a disregard of one or the other of these 
conditions. 

A. Studies Based on Mitosis and Meiosis 
The first attempt to calculate the length of the spermatogenic cycle, 
was made by von Ebner (135). His estimation was based on the pro- 
portion of spermatocytic divisions in the spermatogenic wave and the 
time taken for one division. Von Ebner found the duration of the semi- 
niferous epithelial cycle to be 5 days, and that of the spermatogenic 
cycle 20 days. More recently, Roosen-Runge (116), using a similar meth- 
od that takes into consideration the rate and frequency of the spermato- 
gonial divisions, calculated that the duration of the spermatogenic cycle 
is 16 days. However, the determination of the length of time taken for 
the mitotic and meiotic divisions is not sufficiently precise; the second 
condition necessary to ascertain the duration of spermatogenesis has 
not been fulfilled; for this reason the results cannot be accepted. 

B. Studies Based on the Destruction and Regeneration of the 
Setninifcrotis Epithelium 

A series of other methods are based on blocking spermatogenesis by 
a harmful agent (heat. X-rays), with the subsequent study of either the 
evolution of the spermatogenic processes that have not been destroyed, 
or the regeneration of the seminiferous epithelium. Studies carried out 
with the aid of X-rays have given constant results, both in the mouse 
(64, S3, 120) and in the rat (47, 124, 125). All these authors have re- 
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ln ,o the lumen of the scmm.fetous tubule tales 

days after the appearance of the sptrmatogonial 1 prophase 

the seminiferous epithehum lasts about 10 days and the me P l 
and spermiogcnesis each last about 15 days (96) 


TABLE XIV 

Ap proximate Length of Some SmiMATOCCMC 
Process 

Speimatogemc cycle 
Cycle of the seminiferous epithelium 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
Stage 5 
Stage 6 
Stage 7 
Stage 8 

Spermatogonia A t 
Spermatogonia A 2 
Spermatogonia In 
Spermatogonia B1 
Spermatogonia B2 
Spermatocytes I 

Phases preleptotene -f leptotene 
Phase zygotene 
Phase pachytene 
Phase diplotene 
Spermatocytes II 
Spermjogenesis 


Process es (98) 

No of days 


49 
10 4 
23 

I l 
19 

II 
04 

14 
1 1 
11 

10 

15-2 
15-2 
1 -15 

1 -15 

15 

3 -4 

15 - 2.5 

45-6 

2 4 - 3.5 
0 . 29-0 42 

14-15 


Sirhn and Edwards (127) claim that the tracers detect those spermato 
gemc cells in which development is most rapid This phenomenon does 
not seem to be very important because stage 8, the stage during x\hich the 
spermatozoa are released into the lumen of the seminiferous tubule, lasts 
hardly more than 1 day In order to explain the difference of 4 da) s found 
by Sirlrn and Edwards (127) between the time determined by means ot 
tracers (adenine 8 C H ) and the average cytological time, it must be as 
sumed that development of some parts of the seminiferous tubule is much 
quicker than others This is difficult to conceive since the cell associa 
tions that we have defined would then no longer have the rigidity w© have 
described, but would be completely unorganized Moreover, with the use 
of P 32 the spermatogenic processes are not slowed down m any way, since 
small doses of P 32 that ha\ e no action on spermatogenesis give the same 
results as large doses (98) Furtheimore, the results obtained on rams 
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showing disturbances in spermatogenesis are similar to those obtained 
on animals where spermatogenesis is normal (95). 

In conclusion , a length of approximately 49 days for the duration of 
the spcrmatogcnic cycle in the ram has been found (96). When spermato- 
genesis is disturbed, a certain number of cells degenerate, but those that 
continue their development until the end do so with the same speed. The 
spermatogenic cycle , therefore , seems to be a biological constant. 



VII. Tin: Daily Spermatogenic Production 

We have seen that spermatozoa are released only every 10 days from 
a given area of a seminiferous tubule (stage S in the seminiferous epi- 
thelial cycle). However, .since several parts of the various seminiferous 
tubules of a testis are, at any given moment, at stage 8, in reality the 
average spermatic production is continuous. Let us now try to deter- 
mine the quantitative importance of this production: that is, the number 
uf spermatozoa two testes are able to produce during one day. 

A determination of this hind is rather difficult liecamc collections 
tnhen from domestic males give only an approximate idea of this pro- 
duction. Hus is, in part, due to the presence of important resent** of 
sperm ito/na in the epididymis and, in part, to resorption phenomena 
that occur in the vax deferens and ampullae. 
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A. Importance of the Sperm Reserves in the Epididymis 

The length of the ductus epididymis varies in domestic animals from 
40 to 80 meters (18, 49, 132). Even though the tail of the epididymis 
constitutes only 27% of this length, the volume available for storing the 
spermatozoa is much greater in this part (Table XV), since the diameter 
of the tail is greater than elsewhere along the duct. 

After a certain number of sperm collections, the spermatozoa col- 
lected include, not only those arising from the daily production of the 
animal during the experiment, hut also a certain quantity originating from 
the reserves of the tail of the epididymis (Table XVI ) . 


TABLE XVI 

Distribution of Spermatozoa (10 9 ) in the Male Reproductive Tract of De- 
pleted Domestic Animals 
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(2) and Ihe value Q1-Q2 is small that is, if the tl)e 

^ the tail of the epididymis have been exhausted betor 
experiment is earned out 


expcnuicm is t-uiuex. , 

Using this formula, Ortavan^W has been ^^"to be 


average daily production of spermatozoa of rams iuc * ~V , tte d 
m the region of 5 S X 10°. This production is greater in ramssub 
to short daylight than in rams submitted to long daylight h 
In Suffolk rams, Chang (23) has placed the daily spermatogen P 
duction between 4 4 X 10 9 and 8 6 X 10 9 spermatozoa In the n 
adult bull, Almquist (2) has calculated that this production was at 
7 X 10 9 spermatozoa This figure is much higher than that ot 1 o> 

Van Demark (13) on two year-old bulls, they calculated the P rod “ 
to be 1 949 X 10 9 spermatozoa per day, a figure that appears to 
low 

Many authors have noted a correlation between the spermatogen 
production and the weight of the testis (40, 91, 98, 140) One can ® 
fore express the production in grams of testicular tissue Ortavant [ 
has thus found that one gram of testtcuhr tissue in the ram mantif 


1103 LI 1 II J 1UUI1U IIIU1 g/ Lilli L // IWULlltUI ‘""“V .. 

turcs on the average 12 2 X 10 * spermatozoa per day, or 8,460 per^ nun ^ 


a production which is comparable to that found by Edwards (40) w 
rabbit The testis is therefore a tissue capable of very great p r0 l r 
activity 
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I Introduction 

Although biochemistry of the male reproductive organs and semen 
is a relatively modern branch of reproductive physiology, recent progress 
m this field Ins been remarkably vigorous and rapid The considerable 
literature pertaining to the general subject of ‘ Biochemistry of Semen 
was renewed in 1954 in a monograph (55), and a great deal of bio 
chemical research concerning the ‘Secretory Function of Male Accessory 
Organs of Reproduction in Mammals’ was summarized m 1951 in a 
renew article (63) On the present occasion, it is proposed to stress and 
discuss m particular the biochemical problems which arc of a specific 
interest to those engaged in studies of reproduction m the domestic 
animals Occasionally a reference will be made to other species, mainl) 
in order to emphasize certain comparatn o aspects of reproduction in the 
male 

II Genkrai Considerations on the Ciiimical Composition of 
Si mln and Accessory Secretions 

Semen as ejaculated, is composed of tw o parts, the spermatozoa and 
the seminal plasma While the spermatozoa arc generated in tlu testis 
ami stun d in the ephhdjmis, the seminal plasma is contributed hy the 
seert tor) fluids produced in the accesson organs of reproduction such 
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as the epididyrms, prostate, seminal vesicle, and Cowper s gland, the 
composition of seminal plasma varies according to the rela ‘" as 

tion of the accessory organs The spermatogenic activity o 0( j uc 

well as the secretory function of the male accessory glands or I 
tion are subject to strict and intricate endocrine contro y 
hormones, particularly those produced in the testis and the a 
pituitary gland The testicular hormone provides the stimulus nec ^ 
for the elaboration of seminal plasma by the accessory organs, ^ 
anterior pituitary gland exerts its influence upon the testis throug 
gonadotropic activity of FSH and LH j 

One of the most intriguing problems confronting the bioc ern1 ^ 
investigator of semen is the occurrence of very wide variations in 
chemical composition of semen, which can differ vastly not only r 
one species to another, but between individuals belonging to the sa 
species Even in the same individual the composition of semen is ; 
no means constant but is subject to considerable day to day fluctuatio ^ 
This explains why the chemical analysis of semen, even if restnc 
to the same animal, and even if earned out under identical expenmen ^ 
conditions, need not always yield the same quantitative results 
spite of these vanations, however, there are certain chemical features 
of semen that are common to the main species of domestic animals an 
can be regarded as typical of the group 


A Chemical Characteristics of Spermatozoa 
The three principal morphological components of the sperm cell, that 
is, head mid piece and tail, differ stnkmgly in their chemical compo sl 
tion The head taken up mainly by the sperm nucleus, consists large ) 
of deoxynbonucleoprotein, and is covered by the acrosome which con 
tains some protein bound carbohydrate composed of fucose, mannose, 
galactose, and hexosamine (8) In the middle piece there is a charac 
tenstically high concentration of lipid, much of it present as lipoprotein 
The cytochrome system, which is essential for the respiratory function 
of spermatozoa, is also largely concentrated here The tail consists o 
the tail sheath, a spiral structure surrounded by a lipoprotein la) er, an 
the axial filament, composed of a number of thin fibrils The precise 
chemical nature of the sperm fibrils is unknown, but much recent eu 
dencc suggests that the fibnllar protein is related to the proteins of 
protozoal flagella and to the epithelial cells in metazoa Most of the 
enzymes controlling the aerobic and anaerobic metabolism of semen are 
concentrated m the mid piece tail portion of the sperm cell A notable 
exception is hyaluromdase, which appears to be confined mainly to the 

sncrm Vifvwl J 
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The deoxyribonucleic acid, when separated from the nuclear protein, 
is composed chiefly of four nucleotides, each consisting of one molecule 
of phosphoric acid; one molecule of the sugar, deoxyribose; and oi'e 
molecule of a purine or a pyrimidine base: adenine, guanine, cytosine, 
or thymine. However, as a result of the chromatin reduction whitfh 
occurs in the testis during the process of spermatogenesis, the mature 
spermatozoa, as present in semen, contain only half the amount of 
deoxyribonucleic acid present in somatic cells of the same species. But 
within any one species, all normal spermatozoa appear to contain a 
constant amount of deoxyribonucleic acid (81). On the other hand, some, 
recent analyses of sperm nucleic acid, carried out by the microspectrO- 
photometric method in semen of subfertile or infertile individuals, indi- 
cate that the amount of deoxyribonucleic acid per spermatozoon can 
deviate considerably from the normal value (43, 84). In contrast to 
deoxyribonucleic acid, ribonucleic acid is virtually absent from mature 
spermatozoa (54). The proteins conjugated with deoxyribonucleic acid 
in sperm nuclei are of the basic type and have been shown to be either 
protamines or histones in most instances so far examined. In addition, 
however, to the basic proteins, the sperm nucleus always contains some 
nonbasic or residual proteins. These, unlike protamines and histones, 
contain tryptophan as a characteristic amino acid. Within the category 
of “residual" sperm proteins are also certain highly insoluble protein 
constituents of the sperm membrane. These proteins are distinguished 
by a high sulfur content and bear a close similarity to keratin. 

The lipid of spermatozoa which, for a long time, has been erroneously 
believed to be lecithin, is now known to be composed chiefly 0 f 
plasmalogen. The sperm plasmalogen contains choline as the predomi- 
nant base and has a molecular ratio of choline : phosphorus : fatty 
aldehyde = 1:1:1. It conforms probably in structure to Formula I, in 
CH,0 • CO ■ It 


CHO • CH : CH ■ IV 


CII.O • rOjlt • CH, • CH 



r!«ma!ogm t H = chain (CH,), CIIj In tally add; IV = 
chain (CH,), Cl I, In tally aldehyde) 
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which the fatty aldehyde occupies the 0 position, and the fatty acid 
« position (24, 45) 

B Chemical Characteristics of Seminal Flasma ^ 

The seminal plasma, le , the fluid medium in which spermatozoa^ 
normal!) ejaculated, represents the combined secretions o Jt 

acccsson organs and differs in se\eral ways from other o ) 
is distinguished by a high content of choline (both free an al 

citnc acid, fructose, mositol, ergothioneine, and certain other c ^ 
substances not found elsewhere, at least not m large quantities, 1 ^ 

* animal body Chemical determinations of the content of any o ^ 
substances, either in the semen as ejaculated, or in the secretions o ^ 
accessor) glands directly, can serve as a most useful and quanti a ^ 
index of the accessory gland function A great advantage o ' ^ 
chemical methods over the older anatomical and histological tests 
were necessarily made on dissected accessory organs, is that they en ^ 
one to assess the functional state of such organs as the prostate, semi 
vesicles or epididymides in live animals at frequent time intervals on 
if desired, o\ cr a period of months or years It is possible, by nnalyz 1 S 
chemicall) cither the seminal plasma or the individual accessory sccrc 
tions, to give prompt and unequivocal answers concerning the effects 
gonadectomy or hypoph) sectom> on the accessory gland function Simj 
lari), the chemical approach is convenient for investigations of the effee * 
which diseases, nutritional deficiencies and endocrine d)sfunctions ever 
on the male accessory s)stcm (57) 

The high choline content of seminal plasma in domestic animals is 
due. not to free choline, but mostly to glycerylphosphor)lchou« c 
(Formula II) Ram seminal plasma m particular represents an ex 
cccdingl) rich source of gl>cer>lphosphorylchohnc, while that of the bu»' 
boar, and stallion has a lower concentration This substance is derived 


H,c— O— p— o— Cl! . ai..N» 


CH, / CII, 
CHj 

on 

Glvvm’pKMfltOnUlwI if>e 
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mainly from the epididymal secretion (12) Human semen, on the 
other hand, owes its high content of choline partly to phosphorylcholme 
and partly to free choline 

Most higher mammals, including man, bull, ram, boar, stallion, goat, 
rat, rabbit, and guinea pig, possess a high concentration of citric acid 
m semen (29, 73) In man, citric acid originates chiefly m the prostate, 
whereas, m the bull, ram, boar, and stallion, it is derived mainly from 
the seminal vesicle secretion Insofar as its nutrient role is concerned, 
citric acid (Formula III) would seem to be of little use to spermatozoa 
Conceivably, however, it may play some role in the process of coagula 
tion of semen, or its function may be linked with the calcium binding 
ability of seminal plasma (26) 

CHoCOOH 

r 

C OH COOH' 

I 

CH,COOH 

(III) 

Citric Acid 

That the seminal plasma of several mammalian species, including 
man, contains a reducing sugar in a concentration exceeding by far that 
of glucose in blood has been known since the early biochemical re^ 
searches on semen Not until 1945, however, was the seminal sugar 
identified chemically as fructose (Formula IV) (50, 51) 


H 

I 



Tmctmc 

\t the site of thur origin, tn the testis and in the epididymis, the 
sperm iloroi still fmmotdc, lme no fructose at thur disposd When 
thes Inverse the male genital tract, hossescr, the) mis ssith the semm d 
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vesicle secretion, containing fructose in most, though > dl[to es 

mammalian species Once in contact with spermatozoa, f ™ c '° “ re 

readily into the cells and enters a characteristic chain of enzym 
actions leading to the formation of lactic acid (fructolysis) 

Inositol (Formula V) occurs as a major chemical constituent y 
the semen of the boar, but smaller quantities of it are also found 1 
species (23, 56) Practicall) the whole of the inositol secreted m 
boar seminal plasma occurs in a free, and not a phosphorylated orm, ^ 
it originates almost exclusively in the seminal vesicle The concen 
tion of inositol m the secretion of the boar seminal vesicles is so ug^ 
that by using a few simple chemical manipulations it is possible to o a 
2 c of this substance m a crystalline form from 100 ml of the secre 
fluid 



H OH 

(V) 
Inositol 


Another peculiarity of the boar vesicular secretion is the presence, 
m a high concentration, of the sulfur containing base, ergothioneine 
(Formula VI) (61) 

Ergothioneine occurs also in stallion semen Whereas in the boar d 
is formed chiefly m the seminal vesicles, in the stallion it is contribute 


V 


CH 

^.C — CH 2 CH coo- 
N, 


ri\ 


ch 3 1 ^ ch 3 

ch 3 

(VI) 

Ergothioneine 
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mainly by the ampullae (42, 62). Owing to the presence of a sulfhydryl 
group, ergothioneine exhibits a high reducing power toward certain 
reagents, such as silver nitrate, iodine, and dichlorophenol-indophenol. 
In semen it presumably exerts a protective influence on spermatozoa 
through the reducing action of its sulfhydryl group on the protein-hound, 
intracellular sulfhydryl groups occurring in spermatozoa. 

In addition to glycerylphosphorylcholine, citric acid, fructose, inositol, 
and ergothioneine, the seminal plasma contains some other unusual con- 
stituents, including several highly active proteolytic enzymes (28, 46), 
phosphatases (53), and glycosidases (9). The outstanding fact emerg- 
ing from a recent study of seminal glycosidases is the extraordinarily 
high level of p-N-acetylglucosaminidase and a-mannosidase activity in 
the epididymal secretion. Another peculiarity of seminal plasma worth 
mentioning is the high content of certain mineral constituents, particu- 
larly calcium and potassium. 

III. Metabolism of Semen 

Tlie two chief metabolic processes of semen are fructolysis and 
respiration. The rates of both these processes are determined largely 
by sperm density and the degree of sperm motility (53). 

A. Fructolysis 

In the absence of oxygen, the semen depends on fructose as the chief 
source of metabolic energy. Spermatozoa of bull, ram, and boar metabo- 
lize fructose anaerobically to lactic acid at a rate of about 2 mg./10° 
motile cells/hour at 37°. Fructose is not utilized, or at most poorly, 
either by azoospermir semen (i.e., ejaculates which contain no sperma- 
tozoa) or by necrospermic semen (that is, containing only immotilc 
sperm cells). The correlation between fructolysis and motility is so 
close that chemical determinations of the amount of fructose disappear- 
ing from semen during anaerobic incubation form a convenient and 
quantitative measure of sperm motility (3, 52). The existence, however, 
of a similar correlation between fructolysis and fertility is still a matter 
of dispute (3, 15). In this connection, one must bear in mind that 
motility and fertilizing capacity of spermatozoa do not necessarily equate 
each other. By way of an interesting example one might mention here 
the result of some experiments carried out with the semen of an infertile 
bull of the Guernsey breed. This bull consistently produced ejaculates 
with “decapitated'’ spermatozoa, that is, with sperm heads separated from 
the mid-piece-tail portions. Although separated from the heads, the mid- 
piccc-tail portions in the semen of this bull were found to be perfectly 
motile and capable of metabolizing fructose at the normal rate (58). 
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In species that contain fructose as a normal constituent of l *’ c seI ™”^ 
plasma, anaerobic fructol) sis in whole semen enables the sperma 0 
survive without oxygen When, however, the spermatozoa are sep 
from the seminal plasma, eg, by centrifugation and washing, J 
cannot carry on anaerobically unless the seminal plasma is res ore 
replaced by glycolyzablc sugars, such as fructose, glucose, or manno 
Under anaerobic conditions, the final product of sperm glycol) sis, , name , 
lactic acid, is not further oxidized In the presence of oxygen t e si 
tion differs, however, in that the rate of sugar utilization ( aero ' c S J 
col) sis ) diminishes, moreover, lactic acid undergoes further oju a 
thus providing an additional source of metabolic energy The 1 as e 
Meverliof oxidation quotient,” which measures the extent to which sperm 
gl)colysis is inhibited by oxygen, is believed to depend on the p rese ^ 
in spermatozoa of a “metabolic regulator,” an agent which occurs m w 
epididymal sperm in a “bound form” but is released in an “active f orm 
after ejaculation, (17, 36) 

The ability of washed spermatozoa to convert not only fructose but 
glucose and mannose as well into lactic acid is due in all probability to 
the fact that the metabolic degradation of these three sugars is initial 
by the same enzymatic reaction, namely, the hexolanase catalyzed trans 
fer of a phosphoric acid group from adenosinetriphosphate to the sugar 
Adenosinetnphosphate is a normal constituent of spermatozoa, and a cO 
enzyme of considerable importance in the economy of the sperm cell* 
Any interference with the normal process of breakdown or resynthesis 
of adenosinetriphosphate, such as “cold shock,” leads to a decrease a 1 
both glycolysis and motility (64) 


Respiration 


by 


Aerobically, even after all fructose has been removed from semen “j 
centrifugation and washing the spermatozoa still remain motile and con 
sume oxygen, at a rate of approximately 100-200 ul O-/10 9 sperm 
cells/hour at 37° This rate of oxygen consumption can be increased by 
the addition of a number of substances, including fructose, glucose, 
mannose lactic acid, pyruvic acid, acetic acid, glycerol, and sorbitol The 
latter substance is of particular interest since, when added to respiring 
“r P rod “ ces f ™ctose =* *e primary oxidation product 
laohe T ,f US iT e ? “ subsequently metabolized by spermatozoa to 
water aCtl0 ^ m tum «■*** * carbon dioxide and 

corSteV 5 r d > T den S ! * at Sperm tcspiration, like fructolysis, rs 
rrelated with motihty However, the existence of a similar correlation 
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with fertility still remans questionable (3, 16, 83). Another question 
which remains to be answered concerns the chemical nature of th£ 
intracellular oxidizable substrate utilized by the spermatozoa after they 
have been separated by washing from the seminal plasma. The sug- 
gestion has been made that sperm phospholipids are responsible for pro- 
viding the intracellular source of oxidative energy, and that the mecha- 
nism of phospholipid utilization involves a hydrolytic cleavage, followed 
by the oxidation of fatty acid via the Krebs cycle (37, 38). This 
concept should be re-examined, however, in the light of recent finding 
that the phospholipid of spermatozoa does not consist of lecithin, as ha$ 
been erroneously assumed in the past, but is mainly composed of 
plasmalogen (24, 45). 

Apart from direct manometric determination of oxygen consumption, 
the standard procedure for measuring the respiration of spermatozoa ( 7 ) » 
two more tests are sometimes used in the evaluation of semen. One i$ 
the methylene blue reduction test based on the dehydrogenase activity 
of semen and depending on the determination of the time required 
by a semen sample to decolorize a standard amount of methylene blue 
(5, 77, 80). The other is the pyruvate test, which depends on measur- 
ing tlie oxygen uptake of washed spermatozoa in a system made up of 
pyruvate, fluoride, and dinitrophenol (18, 67). 

IV. Species Characteristics 
A. Bull 

As the practice ol artificial insemination in cattle expanded, the need 
for improved morphological and chemical methods of evaluation of 
semen increased. The last two decades, in particular, have witnessed 
strikingly rapid advances in the chemical analysis of bull semen and 
its application to studies in the reproductive physiology of cattle (1, 4, 
20, 32, 40, 55, 69). Along with these advances came important new 
developments concerning the use of artificial diluents and the technique 
of storage of bull semen for the purpose of artificial insemination 

Bull ejaculates can vary greatly in volume (1.7-9 ml.) and in density 
(0.3-3.1 million cells/jil.) (3). An average ejaculate, with a volume of 
about 5 ml. anil a sperm density of about 1 million cclls/pl., would be 
expected to yield, on sharp centrifugation, at least 4 5 ml. seminal plasma 
ami up to 0.5 ml. well-packed sperm. In bull semen, however, as in oilier 
species, not only the ratio between sperm and seminal plasma, but the 
composition of seminal plasma as such, is subject to large fluctuations, 
depending on the contribution of the various accessory organs, particu- 
larly the seminal vesicles. The fluid secreted in the seminal vesicles of 
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the bull is distinguished by a higi. concentration of potassium ions, citric 
acid, and fructose, and it is often distinctly yellow in color because o 
its high flavin content. It is also rich in several enzymes, including alka- 
line phosphatase and 5-nucleotidase. The contribution of the bull pros 
tate toward the make-up of the whole ejaculate appears to be sma 
The ampullar secretion, on the other hand, contributes some fructose 
as well as citric acid, while the epididymal secretion has a markedly nig 
content of glycerylphosphorylchohne A number of chemical consti- 
tuents of bull semen are listed in Tabic I, more detailed informatio 0 
concerning the chemical composition of bull semen will be found W 
papers to which reference is made in Table I. 


Dry weight 
Hydrogen ion concentration (pH) 
Freezing point (*C ) 


TABLE I 

Composition of Bull Semen 0 


Chloride (Cl) 
Sodium 


Potassium 


Calcium 


Magnesium 


Iron 

Inorganic phosphorus 
C0 2 (ml /100 ml ) 
"iiizdi nitrogen 


Nonpiotein nitrogen 
Urea 
Unc acid 
Ammonia 

Adenosinetnphosphate-NH 2 N 

Creatine 

Creatinine 

Adrenaline 
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SP 

\vs 

SP 
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SP 

ws 

SP 
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SP 
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SP 
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9-186 

[6 48-0 99] 

-0 587 [0 54-0 73] 


-0 533 
371 
174 8 
109 
258 2 
288 
1716 
34 
37 3 
12 
84 
21 


[0 50-0 71] 
1309-133] 
[110-293] 

[ 57-201] 
[152-370] 
[150-415] 

[ 50-387] 

[ 24- 45] 
[ 24- 60] 


[ 0 1- 18] 
[ 1- 4] 


16 
756 
876 9 
48 
5 

246 


[441-1169] 
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0 41 
3 

121 
0 1 


[0 82-4 4] 


55 

31 

72 

71 

2 

71 

2 

71 


71 

55 

71 

71 

55 

75 

55 

71 

55 

79 

41 

74 
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TABLE I (Continued) 


Glycery lphosphoryl choline 

\VS 

232 

[110-406] 

12 

SP 

350 

12 

Ergothioneine 

SP 

Trace 


61 

Sulfite 

WS 

10 0 


39 

Ascorbic acid 

WS 

61 

[3-9] 

70 


SP 

87 


39 

Citric acid 

WS 

720 

[340-1150] 

55 


SP 

620 2 

[357- 818] 

71 


WS 

726 

[521- 902] 

14 


SP 

806 

[567-1000] 

14 

Lactic acid 

WS 

35 

[ 20- 50] 

55 

Fructose 

WS 

540 

[280-770] 

55 


WS 

500 

[150-875] 

3 


WS 

541 

[352-901] 

14 


SP 

598 

[403-981] 

14 


SP 

459 7 

[ 26-872] 

71 

Inositol 

SP 

34 9 

[24 6-45 9] 

23 

Total phosphorus 

WS 

82 


55 

Acid soluble phosphorus 

WS 

33 


55 

Lipid phosphorus 

WS 

9 


55 

Thiamine 

WS 

[0 028-0 152] 

79 

Riboflavin 

WS 

[0 152-0 308] 

79 

Pantothenic acid 

WS 

[0 232-0 466] 

79 

Niacin 

WS 

[0 248-0 554] 

79 

Alanine 

SP 

0 25 


39 

Aspartic acid 

SP 

0 09 


39 

Glutamic acid 

SP 

0 35 


39 

Glycine 

SP 

0 09 


39 

Histidine 

SP 

016 


39 

Phenylalanine 

SP 

010 


39 

Scnne 

SP 

0 13 


39 

Arginine, c) stinc, prohne. 





tryptophan, tyrosine, threonine 

SP 

Trace 


39 

Phosphatases (umts/ml ) 

SP 




Acid ATPase 


80 


25 

AlVahne ATPase 


130 


25 

Fyro P-hbcratmg ATPase 


40 


25 

5-Nucleotklase 


2900 


25 

G!)cosldascs (umts/ml ) 

SP 




« Mannosidase 


395 


9 

fl Mannosulasc 


263 


9 

«-N-Acit\lglucosaininidasc 


15200 


9 

/ fl-Clticuronida<o 


000 


9 
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Although in the bull, epcuhtinn under physiological conditions i»P 
pears to be instantaneous, the ' split ejaculate method, " 1,c " ‘ ll <j 
with the aid of electric stimulation, makes it possible to o 
analyze separately several fractions (47) The carl) porhon 
electro ejaculate is sperm free, colorless, of urethral origin, and 
little fructose or citric acid, the later portion is sperm rich, usua \ 
low colored and has a considerable admixture of seminal \esic e ^ 
tion, as reflected in the high content of fructose and citric acid ^ 
II records the analysis of an electrically induced bull semen ejacu a 
the volume and total sperm content of such an ejaculate b\ far excee 
that of semen collected by means of artificial vagina 


TABLE II 

Composition of Electoicauly Induced Bull Semen E jaculate -1 
Ejaculate fraction 



1 

11 

III 

IV 

Volume (ml ) 

90 

80 

65 

70 

pH 

78 

70 

69 

68 

Sperm (10 9 cells/fraction) 

0 

0 168 

0 195 

0 847 

Dry weight (mg ) 

113 

189 

2*11 

491 

Total nitrogen (mg /100 ml ) 

14 8 

37 0 

95 0 

240 0 

Chlonde (mg Cl/100 ml ) 

470 

360 

385 

220 

Phosphorus (mg P/100 ml ) 

0 96 

64 

90 

16 0 

Fructose (mg /100 ml ) 

2 

84 

275 

650 

Citnc acid (mg /1 00 ml ) 

20 


330 

580 

Lactic acid (mg /100 ml ) 


12 3 

210 

29.5 



“ The ejaculate was collected in 5 fractions (47) 


Appredable quantities of both fructose and citric acid appear in th 
seminal vesicles of bull calves as early as 4-5 months of age, althoug 
the first spermatozoa appear only several months later From this an 
from another fact, namely, the close dependence of the secretory fnn c 
tion of the seminal vesicles on the male sex hormone, it is possible 1° 
conclude that in the bull, as in other animal species the onset of andr 0 " 
genic activity precedes the formation of spermatozoa 

Castration arrests the process of fructose and citric acid secretion 
in the seminal vesicles but implantation or injection of testosterone 
readily restores the secretory activity (15, 59) Restriction of food m 
young growing bull calves has a marked delaying influence on the onset 
ot fructose and citric acid appearance This delaying effect of under 
feeding is not due directly to the inability of the testes to produce 
male sex hormone, however, but is the result of inadequate stimulation 
of the testes by pituitary gonadotropin Injections of gonadotropin elicit 
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a prompt response from the seminal vesicles in the form of abundant 
secretion of fructose and citric acid (11). 

B. Stallion 

Some of the earliest observations on the physiology of mammalian 
spermatozoa were made upon stallion semen. The horse is the species 
usually credited with being the first domestic animal to be employed in 
the practice of artificial insemination. Stallion spermatozoa were used 
by Spallanzani (78) for his first famous experiments demonstrating that 
cooling renders spermatozoa motionless without killing them, so that 
"when passed from the cold of the snow to the heat of the atmosphere 
they are reanimated,” i.e., regain their normal motility. 


TABLE III 

Composition of Stallion Semen® 



Whole semen 

Sperm 

Seminal plasma 

Specific gravity 

1 0117-1 0149 

1.0975 

10116 

Piee 2 mg point (°C.) 

-0 5570 

— 

0 615 

Dry material ( g /100 ml ) 

4 295 

20 255 

2 541 

Ash (g/100 ml.) 

0 915 

1760 

0 914 


2 238 

— 

— 

Protein (g/100 ml ) 

1043 

— 

— 

Nonprotem nitrogen (mg/100 ml ) 

55 

— 

— 

Sodium (mg/100 ml.) 

68 

— 

257 

Potassium (mg/100 ml ) 

62 

— 

103 

Calcium (mg/100 ml ) 

20 

122 

26 

Magnesium (mg/100 ml ) 

3 

43 

9 

>ufiur (mg/ 100 ml J 

3 

32 

8 

Chloride (mg/100 ml ) 

86-443 

11 


licarbonate (ml COo/100 ml ) 

24 



Creatine (mg/100 ml ) 

3 



Creatinine (mg/100 ml ) 

121 



Cholesterol (mg/100 ml ) 

42 




a Data taken from papers given in references (2, 30, 68, 76, 86). 


The ejaculate of the stallion is whitish, opaque, and often of a 
characteristic gelatinous consistency. The volume varies from 18 to 
320 ml. (13, 35, 62). Of the whole ejaculate, only a small portion, 
usually less than 3%, is represented by the sperm, the rest is seminal 
plasma (86). The concentration of spermatozoa varies in the stallion 
withm a very wide range: 30,006-800,000 sperm/fil semen (35). The 
results of chemical investigations on the composition of stallion semen are 
summarized in Tables III and IV. As can be seen from Table IV, which 
gives the results of analyses carried out in several ejaculates of the same 
stallion, the composition of semen, even m the same stallion, is subject 
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to considerable variation Points which deserve P ar ‘ ,cula f tcnt 0 [ 

the extremely low content of fructose and the rather li 6 , he 

ergothioneine and citric acid. Ergothioncinc ,s contained la g > ^ 

ampullar secretion This secretion, when collected directly 
ampullae of the stallion, appears as a yellow-colored, creamy » > 

ing in amount from a few to more than 50 ml. (62). Citric aci 
mainly in the seminal vesicles. The secretion recovered dircc > 
the seminal vesicles is colorless and often of a gelatinous appea 


TABLE IV c 

Further Data on the Composition of Stallion Semen, Based on Anal ^ 
Ejaculates Collected from the Same Tony on Different C 


r Occasions ' 1 


Volume of ejaculate (12) 6 (ml ) 

Dry weight (9) (mg /ml ) 

Ethanol-soluble material (4) (mg /ml ) 

Sperm density (11) (million cclls/ml ) 

Citric acid (15) (mg /100 ml ) 

Ergothioneine (15) (mg/100 ml ) 

Phosphorus, total (3) (mg /100 ml ) 

Phosphorus, acid-soluble (3) (mg /100 ml ) 

Carbohydrate, ethanol-soluble and anthrone-reacUs e (5) 
(mg /100 ml ) 

Carbohydrate, ketose-reactive (8) (mg /100 ml ) 

(in terms of fructose) 

Carbohydrate, fructose, l e , ketose-reactne and 
yeast-fermentable (8) (mg /100 ml ) 

Lactic acid (3) (mg/100 ml ) 

Urea (1) (mg/100 ml) 

Ammonia (4) (mg/100 ml ) 

Glycerylphosphorylchobne (2) (mg/100 ml ) 

Inositol (6) (mg/100 ml ) 


50 
30 7 
19 0 
113 
201 
70 
17 3 
14 2 


(27-100? 
(22 7-37.5] 
[13.2-20.2l 
[40-1721 
[81-5301 

[3 5-1371 

[12 0-27 8] 
[11 5-22 ll 

32 7 [16 9-4211 

8 4 [4 0-10 21 


10 3-031 
[B 2-15 31 

[0 3-2 41 


21 

121 

3 

1.3 


38.113 

31.2 [190-47W_ 


° Data taken from papers given in references (12, 23, 55, 62). 

6 Figures in parentheses refer to the number of ejaculates analyzed. 
c Figures in brackets give the range 


Its amount can vary from a few to nearly a hundred milliliters and 1 
citric acid content from less than 20 to more than 400 mg./100 ml 
In addition to the differences between whole ejaculates collected 
the same stallion on various occasions, there is a marked differen 
between various portions of the same ejaculate. This difference occu* 5 
because stallion semen is not ejaculated all at once and different p or " 
tions of semen follow one another in a definite sequence. Usually 
is possible to distinguish at least three fractions called “presperm, 
sperm-rich, and postsperm,” respectively, each of entirely diff ere0 
origin, mile the presperm fraction is mostly of a watery appearance 
and contains no spermatozoa, ergothioneine, or citric acid, the sper* 0 * 
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rich fraction, collected a few seconds after the first, has a high sperm 
concentration and a high ergothioneine content, but a low concentration 
of citric acid. A few seconds later, the gelatinous, postsperm fraction 
follows, usually exhibiting a very low concentration of spermatozoa and 
ergothioneine, but at the same time a high concentration of citric acid. 
This indicates its derivation, chiefly from the seminal vesicles. Near 
die end of ejaculation the postsperm fraction is followed by yet another 
fraction, of watery appearance, and containing little sperm, ergothioneine, 
or citric acid. This fourth or terminal fraction, often discharged by the 
stallion when it dismounts from the mare on completing the service, 
constitutes the postcoital penis drip or “tail-end sample/' In some 
thoroughbred studs it is still a common practice to “strip” the tail-end 
sample and “inseminate” the mare with it in the belief that the sample is 
a valuable and integral portion of the ejaculate. This practice is pre- 
sumed to increase the probability of conception. A view has been 
expressed that the tail-end sample has a composition which is rep- 
resentative of the whole ejaculate and, in particular, that a one-to-one 
relationship exists between the sulfhydryl content of this sample and 
that of the whole ejaculate (85). A recent study has shown, however, 
that, as the sperm and sulfhydryl content of the tail-end samples col- 
lected from different stallions is generally very low, and as the volume 
and composition of such samples collected from the same stallion on 
different occasions vary considerably, it is unlikely that tail-end samples 
form an integral or valuable portion of the stallions ejaculate (66). 

C. Rom 

A ram ejaculate generally amounts to little more than 1 ml., but 
because of the high sperm concentration (2-5 million cells/fil.), ram 
semen yields itself extremely well to biochemical studies on spermatozoa. 
Much of our present knowledge concerning the intracellular constit- 
uents of mammalian spermatozoa, such as cytochrome, trace elements, 
coenzymes, phospholipids, nucleic acid, has in fact been gained largely 
by experiments with ram sperm. When subjected to high-speed centrifu- 
gation, ram semen separates, on the average, into about one-third of well- 
packed sperm and two-thirds of seminal plasma. The latter is distin- 
guished by a high content of fructose and citric acid, derived from the 
seminal vesicle secretion, and glyceiylphosphorylcholine from the epi- 
didymides. Results of chemical examination of ram semen including 
those which were obtained by separate analyses of spermatozoa and 
seminal plasma, are given in Tables V and VI. The following differences 
in chemical composition between the sperm and seminal plasma are 
noteworthy: Ram spermatozoa have a much higher content of iron, zinc, 
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TABLE V 

Composition of Ram Semen 1 


Dry weight 
Chloride (Cl) 

Sodium 

Potassium 

Calcium 

Magnesium 

Inorganic phosphorus 

Total nitrogen 

Nonprotein nitrogen 

Urea 

Uric acid 

Ammonia 

Fructose 

Lactic acid 

Citric acid 

C0 2 content (ml /100 ml ) 
Ascorbic acid 


14820 

87 

103 

71 

9 

3 

12 

875 

57 

44 

11 

247 

36 

137 

16 

5 


ml* 


“ Results are aserage values expressed, unless otherwise stated, in rng/ ^ 
With the exception of the unc acid (41) and C0 2 content (75) the ° ata , a %era ge 
own (55) based on analysis of material pooled from ejaculates of 10 rams ( a% 
volume of single ejaculate, 1 2 ml , average density, 2,940,000 sperm/pl ) 


TABLE VI 

Distribution of Trace Elements and Certain Organic Compounds and 
in Ram Spermatozoa and Seminal Plasma® 


EnzvM * 5 


100 ml ra m semen contain 
In spermatozoa In seminal — 


Iron 

Ilematin non 

Zinc 

Copper 

Total phosphorus 
Acid-soluble phosphorus 
Phospholipid phosphorus 
Nucleic acid phosphorus 
Adenosinetnphosphate-NH, N 
Plasmalogen 

Cl) cerylphosphorylchohne 
Inositol (free) 

Fructose 
Citnc acid 
P-Mannosidase 
p-N'-Ace tyl glu cosamimdase 


0 68 

016 

0 58 

001 

0 70 

028 

012 

005 

186 7 

1418 

27 4 

132 0 

27 9 

29 

1110 

00 

07 

00 

128 

155 

Trace 

1281 0 

00 

14 6 

20 

372 0 

10 

174 0 

32,000 

5,000 

400,000 

1,600,000 


„ * ST 1 ? f m V 1W mL ™P* « mannosidase and P-actyl S l»^ 

samimdase (units/ 100 ml , as defined m reference (9)1 
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copper, liematin (most of it present as cytochrome), and plasmalogen 
than the seminal plasma. Both sperm and seminal plasma contain a large 
proportion of phosphorus in the form of acid-soluble compounds, i.e-, 
extractable with trichloroacetic acid. The acid-soluble phosphorus c>f 
spenn is due largely to adenosinetriphosphate, while that of seminal 
plasma is derived mainly from glycerylphosphorylcholine. Nucleic acid, 
all in the form of deoxyribonucleoprotein, is confined entirely to sperma- 
tozoa. The actual amount of nucleic acid phosphorus present in each 
sperm cell is 0.36 X 10** mg.P; this corresponds to a content of 3.2 X 10*° 
mg. deoxyribonucleic acid/spermatozoon. The two glycosidases listed at 
the end of Table VI behave differently from other enzymes of the same 
group in that they occur not only in the seminal plasma but in the 
spermatozoa as well. In contrast to a-mannosidase and fl-N-acetylglu- 
cosaminidase, other glycosidases, including glucuronidase, are confined 
to seminal plasma (9). 

D. Boar 

A striking feature of the boar’s ejaculate is its extraordinarily large 
volume, amounting occasionally to as much as half a liter. This volume 
chiefly consists not of spermatozoa but of seminal plasma generated 10 
die accessory organs including the seminal vesicles, prostate, bulboure- 
thral, and urethral glands. Sperm density may vary from as little a? 
2500 cells/pl. to 250,000 cells/pl. In addition to the liquid portion, the 
boar’s seminal plasma contains a certain amount of gelatinous material 
which may take up more than half of the total ejaculate. 

The chemical composition of boar semen also differs in several re^ 
spects from that of other domestic animals. Of special interest is the 
high content of ergothioneine (19, 61), citric acid (29, 73), and inositol 
(56), and the comparatively low content of fructose (19, 51). All four 
above-mentioned substances are generated in the seminal vesicles, and 
characterize hoar seminal vesicle secretion. Therefore the determination 
of any one of these substances can be used to evaluate quantitatively 
the contribution of the seminal vesicles to the final composition of tli<? 
boars ejaculate (60). Another characteristic constituent of boar semen is 
glycerylphosphorylcholine. The seminal vesicle secretion contains little 
of this substance, its highest concentration occurs in the cpididymal sccrc' 
tion (12). Chemical data on the composition of boar semen arc sum' 
warized in Table VII. The distinctive properties of the vesicular and 
cpididymal secretions of the boar are illustrated by data in Table VIII. 

Under physiological conditions, boar semen, like stallion semen, 
but unlike bull semen, is not ejaculated all at once but is emitted in 
fractions. Usually one may observe, during tlic protracted emission 
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process, three distinct phases, corresponding to the presperm, 
nch and postsperm fractions The results of analysis o ^ 

obtained by the fractional collection procedure arc given in i 


TABLE VII 

CoMrosmo'J of Boar Semen * 1 

Dry weight 
Chloride (Cl) 

Sodium 

Potassium 

Calcium 

Magnesium 

Inorganic phosphorus 

C0 2 content 

Total nitrogen 

Nonprotem nitrogen 

Urea 

Unc acid 

Ammonia 

Fructose 

Lactic acid 

Citnc acid 

Total phosphorus 

Acid soluble phosphorus 

Lipid phosphorus 

Ergothioneine 

Inositol 

Glycerylphosphorylchohne 


4 600 [2200-52001 
328 [258-4281 
046 [258-428] 
2-13 [83-3821 
5 [2-61 
11 [5-141 
17 
50 

613 [334-76ol 
22 [15-611 
5 
3 


129 [36-3251 

357 

171 


6 

15 2157-29 51 
532 [382-6251 
171 


° Results are average values [range in brackets] expressed in mg /100 ml eI 
for C0 2 content (ml /100 ml ) Data on dry weight electrolytes and total nitroS _ 
reference (48) mositol (19 23) glycerylphosphorylcholine (12), remaining 
our own 


It can be seen that there is a clear difference in sperm concentrate 
between the fractions 1 to 3, the highest sperm density being associate 
with fraction 2 It will also be noticed that fructose, ergothioneine, an 
citric acid, derived from the seminal vesicles are distributed among 
the fractions but reach a maximum only in fraction 3 There is, m otn 
words, a considerable degree of overlapping between the three fraction*' 
at least insofar as their content of the vesicular secretion is concerned- 
Table IX shows that following the delivery of the three fractions 1 to » 
two more fractions, 4 and 5 are produced Fraction 4 represents probably 
the terminal portion of fraction 3, while frachon 5, because of its 
sperm density, may be regarded as a separate, second ejaculate If 5 
occurrence of two ejaculatory waves following one another closely is by 
no means an infrequent phenomenon in the boar 
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TABLE VIII 

Composition of the Vesicular and Epididymal Secretions of the Bo An 



Seminal vesicle 
secretion 
(mg /100 ml ) 

Epididymal 

fluid 

(mg/lOOml ) 

Dry weight 

17,225 

6,520 

DnlyzabJe 

5,975 

4,150 

Nondialyzable 

11,250 

2,370 

Soluble in 66% ethanol 

4,795 

3,750 

Ash 

432 

694 

Chlonde 

12 

12 

Sodium 

62 

88 

Potassium 

212 

188 

Calcium 

12 

6 

Total nitrogen 

1,396 

357 

Nonprotein nitrogen after precipitation with 

Zn(OH)„ 

61 

173 

Trichloracetic acid 

72 

198 

Ethanol 66% 

60 

157 

Urea nitrogen 

9 

9 

Total phosphorus 

37 

292 

Nonprotem phosphorus afteT ptecipitahon with 

Zn(OH) 0 

34 

290 

Trichloracetic acid 

35 

291 

Ethanol 66% 

34 

292 

Inorganic phosphorus 

7 

15 

Total anthrone reactive carbohydrate 

139 

184 

Total aminosugar 

— 

128 

Fructose 

59 

4 

Inositol 

2,150 

95 

Ergothioneme 

57 

3 

Citnc acid 

635 

12 

Glycerylpliosphorylchohne 

190 

3 060 


TABLE IX 

Analysis of Boar Semen Obtaine d by Fractional Collection® 

Fractions 



1 

2 

3 

4 

5 

Time of delivery from the be- 
ginning of ejaculation (mm ) 

1 

4 

7 

8 

13 

Cliaractcristic features 

Clear 

Creamy 

Gel 

Gel 

Creamy 

Volume (ml ) 

46 

100 

175 

125 

140 

Sperm ( thousands/pl ) 

0 

327 

18 

4 

88 

Tnictose (xng/100 ml ) 

29 

45 

65 

40 

55 

Ergothioneme (mg/100 ml ) 

63 

12 4 

23 0 

17 8 

217 

Citric acid (mg/100 ml ) 

31 

50 

84 

50 

09 

Chloride (mg Cl/1 00 ml > 

300 

350 

280 

330 

340 


* For details see reference ( 19) 




70 


T MANN 


E Other Species 

Our present knowledge concerning the chemical compos'd™ ° 
semen from domestic animals, other than bull, stallion, ram, an 


is very scanty indeed ^ 

Goat semen appears to share the mam chemical characteristic 
ram semen The seminal plasma of the goat, like that of the ™ an ’ 
characterized by a high content of fructose, citric acid, and g >' cer ) 
phosphorylcholine, and by a lack of ergothioneine The seminal vesic 
of the goat resemble functionally the analogous organs in the ram 
Rabbit semen is likewise distinguished by a high content of fruc o 
(40-400 mg/100 ml ), citric acid (50-600 mg/100 ml ) and glycery 
phosphorylcholine (215-370 mg/100 ml), occasionally it contains i 
addition a small quantity of glucose (65) A single rabbit ejaculate ma) 
vary in volume from less than 1 ml to as much as 6 ml , but this ' ana 
tion is due mainly to seminal gel, the fluid portion of the rabbit sem 
plasma fluctuates much less Fructose, onginating in the rabbit partly 
the prostate and partly in the glandule vesiculans, is associated chieny 
with the fluid portion of the seminal plasma while citnc acid, den\e 
mainly from the g landula vestcularis is associated to a large extent wi 
the seminal gel (10) Spermatozoa are found mostly in the fluid portion 
of the seminal plasma in a concentration of about 50-250 thou 
sand/jil (82) 


Dog semen is of particular biochemical interest as it is almost com 
pletely dc\oid of both fructose and citnc acid The absence of these tw° 
substances from dog semen coincides with the lack of seminal vesicles 
in tins species (55) The dog prostate, on the other hand, is well de- 
\ eloped and its secretion represents a substantial portion of the whole 
ejaculate This secretion, usually of a watery, colorless appearance, lS 
distinguished hy the presence of certain proteolytic enzymes, and 
contains, though, in concentrations which are below those found m the 
prostatic fluid of man, some phosphatases and glucuronidase The 
ionic composition of the canine prostatic secretion is made up chiefl) b y 
sodium and chloride ions, and to a small extent only, b> potassium, 
magnesium, calcium bicarbonate, and phosphate (2, 27) Sperm densit) 
“'S semen can \ar> from 60 to 600 thousand sperm/pl, depending 
"hole q- "i '(I™ a}' SeCrCt '°" “ ni1 ° Uler accessor y secretions in the 

T* US h ' 8h S I’ erm concentration averaging 3,500, 000 

^ USUall > even concentrated (7,000,000 

^ e tmv cn’rW hU ' C fn,Ctosc ' and hardl > a "X c ' tr,c ^ 

■Hie tow carbohydrate content of cock seminal plasma appears to consist 
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partly of a small quantity of glucose (55), and partly of some protein- 
bound mucopolysaccharide (33). The cock has no glands corresponding 
to the mammalian vesicles or prostate, but the vascular bodies m the 
cloaca bear some resemblance to the mammalian bulbourethral glands 
inasmuch as they secrete abundant mucopolysaccharide The nonprotein 
nitrogen content of clock’s seminal plasma, like that of the mammals, is 
due, at least partly, to free ammo acids, chiefly glutamic acid (34) 
Cock spermatozoa, in spite of the paucity of fructose in whole semen, are 
capable of utilizing added fructose and of converting it to lactic acid 
in a manner resembling that of mammalian sperm cells, they have also 
been shown to be able to form fructose from glucose (44) 
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I Introduction 

The extensive development of artificial insemination has focused 
attention on the breeding capacity of the sexually mature male and the 
question of libido has become important, particularly to the operators 
of artificial insemination (A I ) centers Therefore, most of the literature 
dealing with libido is concerned with the bull The considerable ex- 
perience accumulated at A I centers throughout the world has revealed 
icrj great differences in the sexual activity of bulls The causes of some 
of these differences are known and will be discussed m the present 
chapter 

Until recently \ ery little work has been done on the factors which 
influence puberty m the domestic species, although considerable litera- 
ture is a\ ailable for laboratory animals Food intake, genetic and environ- 
mental factors may influence the onset of puberty and studies on the 
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relationship of these and other factors to hormone production and tea 
effects ate of great importance in that 

The pattern of male sexual behavior appears to b w heo 

animals reared in complete isolation will mate perfect y no ? ine 
introduced to the female However, widely differing gene » 
and nutntional factors can influence this behavior and even 
hshed it can still be greatly altered by psychic disturbances 


II General Factors 

A The Role of Nutrition anil Hormones in the Development of 11 ^ 

The onset of activity in the accessory reproductive glands and gp® ^ 
of the sexually immature animal is due, at least in part, to t e re 
gonadotropins from the pituitary There is, however, a se ective ^ 
in that the accessory glands are activated earlier than sperma og 
Domm (27) has shown that the interstitial cells of the testis ^ 

develop before spermatogenesis begins Asmundson and ^ o 
found a similar effect in cocks stimulated with gonadotropins ^ 

Untd recently, studies in the domestic animals have been 
because the experimental animal had to be destroyed and the 
examined either chemically or histologically Therefore, a new 
had to be used for each experiment and large numbers were ne 
to establish valid results 3 1 

Recently, however, Mann et al (26, 62, 63), using an elec ^ ^ 
method to collect secretions from the accessory glands and tes e ^ 
immature calves, were able to use the same animals repeated) 
long periods during which the secretions could be examined chenuc* ^ 
Following slaughter the glands were examined histologically. ^ 

relationship between their histology and the chemical composite 0 
the secretions established e 

This work indicated that, as with other species, a considerable , 

of time occurred between the appearance of fructose and citric & 
m the secretions of the accessory glands and the appearance ^ 
the first spermatozoa Fructose and citric acid were present ^ 
the collections at 5)4-6 months, but no spermatozoa were detec ^ 
until the animals were about 8)4 months old At this time fructose 
citric acid had reached high levels They also demonstrated that * 
not the lack of responsiveness of the target organs which affects ^ 
velopment, as the injection of gonadotropin (LH) during the 
stages resulted in an almost immediate and extremely rapid r* se 
fructose and citric acid levels 

The action of LH on the accessory glands is believed to be indi reC 
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involving the production of testosterone from the gonads. Mann and 
Parsons (60) showed that the levels of fructose in the ejaculate of rab- 
bits is directly influenced by the levels of testosterone. Mann and Row- 
son (63) found that fructose levels are rapidly influenced by LH in- 
jections in the immature calf and they suggest that a similar mechanism 
occurs in that species. 

Maqsood (65a) found that the administration of thyroxine to rams 
during the nonbreeding season stimulated spermatogenesis in the young 
animal. Turner (102) reported that reduced secretion of thyroid hor- 
mone caused decreased libido in bulls. 

The levels of gonadotropins in the pituitaries of various animals are 
also known to vary considerably and Chance et at (19) found con- 
siderable differences in man, pig, sheep, and ox. Therefore it is not 
surprising that Smith (97) also found differences in response to gonado- 
tropins between the mouse and rat. The mouse was more sensitive to 
FSH and less sensitive to LH than the rat. It is highly probable that 
similar differences in sensitivity occur in domestic animals. 

The effect of underfeeding on the output of gonadotropins has been 
studied in laboratory animals by several investigators (36, 66, 83). 
They found that it resulted in a decreased output of gonadatropins by 
the pituitary and in decreased androgen activity. Moore and Samuels 
(72) found that rations deficient in vitamin A or low in calories caused 
a rapid regression of the accessory organs in rats. Lutwak-Mann and 
Mann (58) found a lowered concentration of fructose and citric acid in 
*£no accessory g’mn&s un&eAeh an& vitamin-hehcierit rats. 

Although the underfeeding of calves has a profound effect on the 
accessory organ secretion, the effect on the onset of spermatogenesis is 
much less. In fact spermatozoa appeared in the semen from the under- 
fed calf of a pair of identical twins only one or two weeks later than in 
its normally fed twin. Dunn (29) investigated the effect of subnormal, 
normal, and supernormal diets on growth and sexual development. He 
found that food intake influenced the age at which young bulls could 
be used for service. Bratton et al. (14) studied the effects of low 
carotene rations on the sexual behavior and semen production of dairy 
bulls. Haq (46) considers that faults in feeding and management, in 
addition to use at too young an age, can result in testicular degeneration 
in the bull. Jones ct al. (51) fed calves from seven months of age 
onward on a diet of alfalfa liay and minerals alone and compared semen 
production with controls receiving in addition skim milk powder and 
oat groats. Tlie semen from the former was of lower quality. Mann and 
Rowson (63) also found that the underfed animal of twin bull calves 
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fed at different levels produced inferior semen as compared 
control Flipse et al (33), feeding calves at four different levels => 
mg above and below normal, found that with the lower leve P“ 
was delay ed and semen quality affected Hansson and Bane ( > _ 

however, usmg identical twins found httle difference between P 
reared at different levels, but Olson (79) using identical tnp e 
tamed best bbido and sperm from the highest fed animals 


B Effect of Varying Nutrition on the Sexually Adult Animal 
The influence of reduced food intake is rather less in dome^ 
animals than might be expected from similar studies on ian ^ 

species Mann and Walton (61) reduced the food intake of ^ 

so that he lost weight at a rate of 6 5 kg per week until his weig 1 * 
reduced by about 25$? Despite this treatment the bull showed no 
of libido and the density, volume, and motility of the spermatozoa 
mauled unaltered However, the fructose and citric acid levels o 
semen collected at weekly intervals fell to about 30 and 60 of 
starting values The fertility of the bull was not determined during m 


experiment , 

Bane (10) extensively investigated the lifetime effect of feeding 
genetic factors on a group of identical twin bulls These bulls ' vere , 
on differing levels of nutrition from 1-18 months Subsequently t® 
received equal amounts of feed and were kept under as similar con 
tions as possible Weekly collections of two ejaculates per bull 
examined for semen characteristics and service behavior was stu e 
At the end of their active life a post mortem was earned out on 
animals Rearing intensity had no great effect on sperm characterise 
but a slightly higher incidence of cyloplasmic droplets and abnorfl 1 
sperm heads was found in the more highly fed twins Mating beha'i 0 
vaned very httle between pair groups The inherent constitution 0 
the animals appeared to be important with respect to health because 
each member of individual pans, despite different rearing, suffered 
Uie same conditions In some cases these changes interfered with sesu* 
function as the animals aged 

James (49) divided five pairs of identical bulls into two g *°°P S 
at -0 weeks old and fed them at two levels until they were 2 years ol* 
Studies on the semen were conducted usmg an exhaustion test const* 
ng of 10 services at 15-minute intervals Four tests measuring the spc*“ 
production of each bull were earned out at three monthly inter'' 3 
when the bulls were between 15-24 months of ace Great differences U» 
testicular size and total sperm production were found between gr° u P 5 ' 
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The low plane group produced an average of 9.2 X 10° sperm at the 
first test and the high plane group produced an average of 16.2 X 10* 
sperm. In the final test the figures were 13.3 X IQ 9 and 23.0 X 10 9 > 
respectively. No difference in libido or in sperm abnormalities was 
found between the two groups. Davies et al. (26) have also found that 
the low plane calf of identical twins produced fewer sperm despite little 
delay in the actual onset of spermatogenesis. 

Skatkin (96), working with stallions, found that a high plane of nutri- 
tion gave greater improvement in spermatogenesis in 3— 4-year-olds than 
in slightly older animals and had practically no effect on old animals. 
Sperm concentration was also greatly increased in the younger group. 

III. Age of Puberty and Sexual Maturity 

A. Stallion 

Stallions are usually capable of producing spermatozoa at from 16- 
20 months of age. Nishikawa and Horie (76) carried out an extensive 
study on 317 Anglo-Norman entires. They found little increase in testis 
weight between birth and 10 months of age, but from the 17th month 
growth was very rapid. Spermatozoa first appeared at the age of 13 
months but only 50% of the stallions had a single testis of mature weight 
at 23 months and both by 26 months. The authors concluded that, if 
well developed, stallions at 22-26 months of age could be used for 
service. Parshutin and Rumjanceva (81) could find no sperm in semen 
collected from stallions up to 16 months of age but plenty from 2 years 
onward. 

B. Bull 

Although some variation exists between breeds and individuals, most 
bulls are capable of producing semen at 9 months of age. However, 
the quantity and quality of semen at this age is often poor. Few bulls 
are actually used for service until they are 12 to 14 months of age. 

Baker et al. (7) and Mann and Rowson (63) put the average age 
of puberty in bulls at 39 weeks. 

C. Boar 

The onset of puberty in the boar has been studied by Niwa and 
Mizuho (77, 78). They investigated its development in Large Whites, 
Berkshires, and Poland China breeds. They found rapid development of 
the testis and epididymis between 4 and 7 montlis and of the penis at 7 
to 8 months. The first appearance of spermatozoa in the testis occurred 
at 4 months of age; at 6 months 85% of the seminiferous tubules con- 
tained spermatozoa. Boars would ejaculate at 6 to 7 months of age but 
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the first ejaculates contained immature forms The quantity an 9 
of the semen was greatl) improved at 11 to 12 months of age £ 

Wiggins ef al (109) also studied this question in inbred ^ 

Chester White and lorkshire ancestrv The average age of pn O . 
about 200 days, 11 out of 15 boars w ere found to be fertile ^ 

at an average age of 211 days This question was also stu 
Robertson et al (87) 

D Ram 

Using breakdown of preputial adhesions and testis weight as crde , 
of puberty. Dun (28) suggested that puberty was more closely re ^ 
to body weight than to age The average age and weight in the r^ 
which had reached puberty and were producing spermatozoa ' 
209 days and 70 pounds 


IV Factors Affecting Libido and Semen Quality 
A Stallion 

Da) light has an effect on semen quality and volume Kashivva 
(52) studied the seasonal effects on sperm production in the sta 1 
He found distinct increases in the quality and quantity of semen p 
duced and in the amount of gelatinous material ejaculated d 
the normal breeding season 

Isishihavva and Hone (75) investigated the effect of day length ® 
semen quality They used stallions of known semen producing cap acI 
and placed them on long and short day treatment Lighting " as P r 
vided dunng darkness for 5 hours after sunset in the hght treated gj° u ? 
and the controls were kept in dark stables except for dail) V eT}0 \\. 
3 to 5 hours Stallions stimulated b) hght dunng the period 
testicular activity is normaU) decreasing produced, after a P en ° d 
few weeks, increased volumes of semen and gelatinous matenal 
versely, the quality and quantity of semen produced by stallions sub- 
jected to short da) treatment dunng the season when testicular acb '\, 
is normally increasing decreased and reached a level normallv see» 
in the nonbreeding season 

Parshutin and Hum]ancesa (81) studied the reaction of young t" 1 
tried stallions to a dummy teaser and to mares in estrus Thes iouni n° 
consistent relation hchsce,, the libido of stallions and the first occurrence 
° sexual reflexes but the dunum was found to be inferior to the b' 1 ”- 


, ®“ ia ' n (93 > studied the relation of nutrition to fertilits \Vhe” ^ 
dailv*^ 1 d"!? 3 lct ofhm. oats, and bran xsere uleil lieavill (3 ticj 1 
^fcreasri” * or ^ 6 *J« P- -eh) their 
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B. Bull 

Libido and sperm quality in the bull can be affected by a number 
of factors which may vary with the age and temperament of the animal. 
In addition the repeated collection from bulls used in A.I. centers has 
created its own problems. Some of these are psychic in nature and will 
be dealt with elsewhere in this chapter. 

1. Stimulation Prior to Service 

Numerous investigators (8, 13, 21, 23, 47a, 48) found that bulls re- 
strained for some minutes before allowing service produced larger 
amounts of semen. Kerruish (54) tried to relate prestimulation to con- 
ception rate. In a group of bulls teased prior to collection he found 
that the fertility was improved as compared with their fertility over a 
different period. Because the fertility was compared at different periods 
effective control could not be exercised and the work loses some of its 
value. Crombach et al. (24) using identical twin bulls showed that 
if a bull was allowed a false mount following restraint for 5 minutes 
the number of active spermatozoa was doubled as compared with the 
nonrestrained twin. A similar but reduced effect was also seen with 
the second ejaculate. 

Hale et al (41), using the exhaustion test suggested by Edwards (30) 
and Walton and Edwards (107), investigated sperm production and 
libido and found that a good estimate of a bull’s ability could be obtained 
by the first few ejaculates only. Prabhu and Sharma (86) using an ex- 
h&MStvan. test riwdted the. effect of drive, on. %em.esv characters hr the. 
buffalo. Prabhu and Bhattacharya (85) using the water buffalo also 
studied the effects of teasers, either in or out of estrus, on the quality 
and quantity of semen production and the reaction of bulls. Cordts 
(22) found that a sexual partner in estrus stimulated bulls more than 
other kinds of teasers. 

Trautwein (101) studying 393 mountain bulls found that the tend- 
ency to strong or weak libido was inherited and that the character re- 
mained the same throughout life. 

Sarthou-Moutengou (91) suggested that libido should be preserved 
in bulls used at A.I. centers either by using cows in estrus or by smear- 
ing cstrous secretions on the teaser animal. 

2. Effect of Frequency of Collection on Libido, Fertility , and 
Spermatogenesis 

The frequency with which a bull can be used safely has often been 
underestimated in the past. It is virtually certain that few, if any. 
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3 Seasorwl and Climatic Factors 

Seasonal differences in the libido, semen production, and fertility 
have been studied fairly extensively and the subject has been review c 
by Anderson (5) 

Burgess (17) could find no significant difference between months 
or seasons on 328, 295 first inseminations carried out in Ontario, Canada 
Stief (100) in Saarbrucken did find a seasonal relationship to sperm 
abnormalities, sperm volume, and concentration Volume and concen- 
trations were highest and abnormal sperm lowest m the spring The 
number of abnormals was highest in the autumn Schindler (92), work- 
ing in Israel, found that conception rates were highest from March to 
May and lowest in September but he found no significant difference in 
monthly semen volumes Schmidt (93) studied the effect of da> 
length and temperature on bulls and found positive correlations be- 
tween these factors and sperm concentration, numbers, survival, and 
fertility Curasson (25) has reviewed the effects of hot climates on 
sexual activity and Koller (56) reviewed the effect of external and in- 
ternal temperatures on sperm production 

In the more temperate climates seasonal effects on spermatogenesis 
and fertility are relatively small but where the changes are considerable 
between seasons a marked effect is seen Johnston and Branton (50) 
were able to show significant seasonal differences in abnormal sperm 
and percentage of motile spermatozoa in 14 Guernsey, Holstein Frie 
sian, and Jersey bulls in the Gulf Coast area Casady et al (18) 
subjected 2 bulls of 2 and 3 years of age to temperatures of 70-99°F 
and 2 other animals to temperatures of 52-70 and 52-86 °F , respec- 
tively At reduced temperatures the volume of the ejaculate increased, 
while at the higher temperatures motility, sperm concentration, and 
number of spermatozoa decreased 

Muller and Hohn (73 considered that of the climatic characters 
temperature least affected fertility They obtained a positive correla- 
tion between fertility and atmospheric pressure Studies on climatic 
conditions as related to performance have also been done by the New 
Zealand Department of Agriculture (74) and studies on seasonal effects 
hav e been performed by Erb etal ( 31 ) and Mercier et al ( 67 ) 

4 Exercise and Libido 

The belief that exercise has a beneficial effect on both libido and 
spermatogenesis is fairly general yet the evidence for such an effect is 
very slim and many studs obtain excellent semen production and fertility 
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from bulls receiving no exercise other than that which they get by 
moving about their loose boxes or pens. 

Snyder and Ralston (99) thoroughly investigated this question by 
exercising 4 high- and 4 low-fertility Friesian bulls and the same 
number of Guernsey bulls daily for 15-30 minutes over a period of 6 
months. The bulls were split into exercised groups and controls and 
about 400 ejaculates from each group examined. The workers wore 
unable to find any significant difference in semen characters between 
or within groups or between or within breeds, nor was there any differ- 
ence in fertility in the high-fertility Friesians or for the low-fertility 
Friesians and Guernseys. There was a difference which was significant 
between the high-fertility Guernsey groups. Since the changes found 
in the nonexercised high-fertility Guernsey group were not reported by 
individual bulls it is not possible to attribute the changes in fertility to 
lack of exercise. The sexual activity was no different between the 
various groups. Prabhu and Guha (84) gave 8 Kumauni bulls amounts 
of exercise varying from 1 to 2 hours and studied their semen produc- 
tion. They were unable to establish any beneficial effect from the exer- 
cise given. 

Other factors which may affect the quality and collection of semen 
are discussed by Bonnadonna (11) and Rollinson (89). 

5. Effect of Transport on Bulls 

Conflicting evidence has been recorded on the effect of transporting 
bulls from place to place. Reports from Sweden indicated that severe 
effects on spermatogenesis may follow such movements. Meschaks (69, 
71) reported on the excretion of neutral steroids in the urine of such 
bulls which was followed by morphological abnormalities of the 
spermatozoa. He also reported (70) that increased excretion occurred 
in bulls with faulty libido and spermatogenesis. Since bulls are quite 
frequently moved from farm to A.I. center and from center to center 
without any such effect it is not surprising that Willett and Larson ( 111) 
were unable to show any significant difference in fertility of bulls when 
nonreturns were compared for 3 months prior to and for 3 months 
following movement. 

6. Libido and Psychic Factors 

The sexual behavior of individual bulls varies greatly as does the 
ease with which sexual excitement occurs. The specificity of the stimulus 
necessary to elicit mating frequently varies inversely with the excitability 
of the individual. Sexual excitement results from a combination of many 
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factors of differing stimulatory value which merge together It is possible 
to define some of these individual stimuli, in the bull the sense of srne 
is considered to be of considerable importance It would seem like) 
that once the sexual reflex is conditioned to certain standard factors 
that it would continue in this way indefinite!) However, tins is not 
so, and Pavlov explains the decreasing response as being due to repea te 
stimulation of a small number of nene cells until they become refractory 
and pass into a state of nonexcitabihty To avoid this change, it there- 
fore becomes necessary to extend and \ary the conditions and shmu i 
so that saturation does not occur Single variations may be sufficient for 
a short period but m many bulls constant variety appears to be the 
most satisfactory solution Changing methods provide a variety of 
nervous stimuli and if the interval between collections is lengthened 
bulls inhibited by constantly similar conditions of collection can usuall) 
be kept in regular use Some of the factors involved have been discussed 
by Parshutm (82), Fraser (34), Kendrick (53), and Smith ( 98) 

The pattern of behavior usually seen at A I studs in these problem 
bulls is that the animal becomes progressively slower at mounting the 
teaser and eventually reaches the stage where he rests his head on the 
teaser’s hindquarters and adopts a somnolent attitude The natural 
reaction of stockman handling such animals is to jerk on the ring and 
try to arouse the bull to some degree of activity This procedure is 
wrong as such action causes the bull to associate pain from the nng 
jerking with the collecting environment The pain merely adds to the 
inhibition The addition of a single stimulus, for example, the applica- 
tion of wormwood to the teasers hindquarters, may induce the bull to 
serve but such a stimulation will not persist for long and a new one 
becomes necessary Movement on the part of the teaser, particularl) 
backward and forward, is a powerful stimulus and is frequently em 
ployed Changing the position of the collecting crate, changing the 
teaser, and walking the bull behind the teaser pnor to entry into the 
collecting crate are other forms of stimuli frequently employed [Walton 
(106)] 

Anything that breaks up the pattern of conditions which has set up 
the inhibition is likely to succeed, at least temporardy, normal collection 
can usually be obtained by constantly changing the variety of nenous 
stimuli 

Some bulls will not mount when the collector is standing anywhere 
near the teaser Instead they watch the collector and mount only when 
he moves away from the collecting position Collecting from these am 
mals is rather difficult but changing the coat of the operator or changing 
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the collector may help Frequently these animals will mount and serve 
if the operator collects from the side opposite to that to which the bull 
has become accustomed Milovanov reported that one bull refused to 
serve in the presence of a collector who was very tall but Ins replace- 
ment by a shorter man induced the animal to serve readily 

Inhibitions can easily be set up in bulls by an inexperienced collec- 
tor If the angle at which the artificial vagina is held causes pain when 
the bull thrusts, then pain is repeatedly associated with service and 
the bull will gradually lose libido and become inhibited Any unpleasant 
impression associated with service is liable to cause difficulties Eveft 
association of pain with a particular person can cause trouble and the 
operator collecting semen should take no part in routine blood sampling 
or tuberculosis testing 

If stimuli are applied in much the same pattern over a long period 
they may eventually fail to provoke the expected response If the thresh- 
old level can be reduced by introducing new stimuli a response will 
be obtained, increasing the number of new stimuli generally increase? 
the likelihood of obtaining a response It is considered by some that 
the male sex hormone acts to induce a lower threshold level to such 
stimuli Failure to serve is not due to sexual exhaustion or nutritional 
causes, for bulls lackmg libido under these conditions will repeatedly 
serve a female m estrus under natural conditions 
The conclusions can be summarized as follows 

a Some bulls become sluggish and slow, often exhibiting somnolent 
behavior, when collections are repeatedly made under identical condi^ 
faons 

b Both sexual achvity and amount of semen collected can be im 
creased by a variety of new sbmuh 

c A single sbmulus, with other conditions constant, will excite 
sexual activity for a short period only and will lose its value if used 
repeatedly 

d The condibon is not caused by sexual exhaustion 
Hale ct al (39, 40, 42), for example, carried out a series of exhaustion 
trials on 6 bulls aged 2 x / 3 to 11 years The bulls were allowed to mount 
repeatedly without restraint, although they served an average of 41 
times per trial sexual fatigue was not obserxed However, the response 
to an individual teaser became appreciably less The introduction of a 
new teaser immediately caused a renew cd response Hale and Almquist 
(43) reported that reaction time was reduced by more than 60% when 
2 teaser animals were presented simultaneous!) Using identical twan 
and triplet bulls, Almquist ct al (2) found tint m mam cists the teaser 
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had to be changed m order to maintain a reaction time of less than 15 
minutes in bulls being ejaculated 4 and 0 times per w cob 

Hale (14) imestigated the sexual response of the male turkey to 
a dummy By using a detachable head he was able to show tint t ie 
position of the head serves as a directing stimulus to the male H t ic 
head was placed in a position other than normal it led to disorientate 
copulatory movements When the bead was removed the male die not 
mount at all Such features are, however, not characteristic of domestic 
animals In many cases these males will readily mount a dummy with- 
out a head and without resemblance to the female of the particular 
species 

Observations of the sexual behavior of vascctomizcd animals in- 
dicates that their sexual appetite may be increased It is of interest to 
note that Mann (64) has found high levels of fructose and citric acid m 
the semen of vasectomized males, indicating considerable androgenic 
activity on the part of the interstitial cells of the testis In the rabbit 
Cheng et al (20) studied the direct effect of testosterone on sperm 
production and libido 

C Ltbitlo in the Boar 

The boar normally produces fertile semen .at about 7 months of age 
and libido toward the estrous female is normally strongly exhibited in 
this species There is often a considerable period of preliminary excita- 
tion before service takes place During this time the boar carries out 
a rooting type of action with his snout under the abdomen of the fe 
male This action can sometimes be extremely violent and may result 
in damage to gilts This preliminary process is accompanied by a con- 
siderable amount of noise on the part of the boar At the same time 
he continually clamps his jaws and they become covered with white 
frothy mucus Many of the factors which interfere with libido in the 
naturally mating boar are of a physical nature, frequently associated 
with disease or damage to the hock joints or digits of the hind legs 
The use of a dummy teaser is rather different and is described in Chapter 
20 

Hauser et al (47) studied testis development and libido in inbred 
and crossbred boars Spermatogenesis occurred earlier in the crossbred 
animals than in the inbred and their testes were of greater weight 
Compared to boars 7 to 8 months of age yearling boars showed greater 
libido and produced about twice the amount of semen and number of 
sperm Puberty occurred later in the inbred boars The onset of puberty 
in inbred boars was also investigated by Wiggins et al (109) Nnva 
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and Mizuho (77) could find no difference in spermatogenesis at dif- 
ferent seasons but libido and semen quality were highest in the autumn 
and lowest in summer. There was no difference in sperm motility at 
any season. Wallace (105) carried out an investigation on the effect 
of stilbestrol on spermatogenesis in boars but was unable to show any 
marked effect unless implantation was carried out early in life. 

D. Libido in the Ram 

Libido in the ram is influenced by the day length and studies have 
been conducted by Yeates (X13), Hafez (37), Robinson (88), and Shuk- 
la and Bhattacharya (94). 

Sapsford (90) studied spermatogenesis in rams maintained at high 
and low planes of nutrition and on diets deficient in carotene during 
the breeding and nonbreeding seasons. Morphological abnormalities in- 
creased; sperm number and viability decreased in both groups during 
the summer months, but the effect was greater on the lower plane 
animals whether they were fed carotene supplements or not. 

Maqsood (65) studied the histology of the testis and semen produc- 
tion of rams during the breeding and nonbreeding season. During the 
nonbreeding season spermatogenesis was arrested in many of the semi- 
niferous tubules and the volume and density of the semen were de- 
creased. The percentage of abnormalities increased; the main defects 
being a higher number of decapitated sperm and an increase in droplets* 
He believed that the poor libido exhibited by rams during the nonbreed- 
ing season was due to reduced hormone production. Ahmed (1) in- 
jected rams lacking libido with either testosterone or YMS. He found 
that testosterone had a greater effect on both libido and ejaculate volume. 
This work would have been of added interest if a group injected with 
LH had been included in order to study the indirect effect of testosterone 
production with that of direct injection. Fiorentino and Caretta (32) 
found a similar effect in the bull. 

The possibility that high testicular temperature during the summer* 
months increases the percentage of abnormal spermatozoa in ram semen 
is emphasized by the work of Glover (35). He insulated the testis of 
rams and then studied the semen produced. One of the first effects of 
such treatment is an increase in the percentage of abnormal sperms. 
Similarly Webster (108) reported that a heavily wooled scrotum inter- 
fered with spermatogenesis. Removal of the scrotal wool increased fer- 
tility. The same author also found that libido and fertility can be altered 
very rapidly by climatic conditions. He described a case in which rams 
with normal libido and only 2.3^j abnormal sperm were subjected to a 
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sudden fall in temperature accompanied by cold winds m 

was lest overnight, the motility dropped, and tile nbommal P 
creased to 23 and 60;i Ten of eighteen previously fertile rams > *> 
sterile for tile remainder of tlie season rollon mg 0 
study on 1109 rams, Wiggins at al (110) concluded that 111 ndo h. 
significant relationship to fertility In addition, they found 
abnormalities in semen l.ad a significant correlation with the perccnt®B 
of ewes lambing Inbreeding also had a depressing effect on the pc 

centage of living lambs bom * fn 

Maqsood (65a) lias studied the relationship of the thyroid 
spermatogenesis in the ram He believes that mild hyperthyroidism 
stimulates spermatogenesis and increases interstitial cell secretion 
young animals Thyroidectomy or thiouracil injections caused ntropmc 
changes in the seminiferous tubules Mild hyperthyroidism increase^ 
the libido in the young animal and influenced the libido of the ram 
during the nonbreeding season 


References 


1 

2 

3 

4 

5 

6 

7 

8 


Ahmed, S J, J Agr Sd 46, 168 (1955) 

Almquist, J O , Hale, E B , and Saackc, R G , ] Animal Sd 13 


1014 


(1954) . . 

Almquist,] O , and Hale, E B , Proc 3rd Intern Congr rhyitol and latlioi 
Animal Reproduction and Artificial Insemination Cambridge, Engl p 
(1956) , „ . , 

Almquist, J O , and Hale, E B Troc 3rd Intern Congr Physiol and Patnoi 
Animal Reproduction and Artificial Insemination Plenary Papers Cambridge, 


Engl p 50 (1956) 

Anderson, J , / Agr Sd 35 184 (1945) 

Asmundson V S , and Wolfe, M ] , Proc Soc Exptl Biol Med 32, 1107 


(1935) 

Baker F N , Van Demark N L , and Salisbury, C W , J Animal Sci *4 


746 (1955) 

Baker, F N , Van Demark, N L , and Salisbury, GW , J Dairy Sd 38, 1000 


(1955) 

9 Bane, A, 14th Intern Vet Congr London 3, 212 (1949) 

10 Bane, A, Acta Agr Scand 4 2 (1954) 

11 Bonnadonna, T , Proc 3rd Intern Congr Physiol and Pathol Antmal Repro- 

duction and Artificial Insemination Cambridge, Engl Plenary Paper p 10a 
(1956) 

12 Boyd, L J , and Van Demark, N L J Dairy Sci 39,921 922 (1956) 

13 Branton, D , D’Arensbourg G , and Johnston, 1 E , J Dairy Sci 35, 801 

(1952) 


14 Bratton R N , Salisbury, G W , Tanabe, T , Branton C , Mercier, E , and 

Loosh, J K,J Dairy Sc« 31 779 (1948) 

15 Bratton, R W , and Foote, R H , ] Dairy Sci 37, 1439 (1954) 

16 Bratton R W , Foote, R H , and Henderson, C R , J Dami Sci 37, 1444 

(1954) 



LIBIDO IN THE MALE 


91 


17 Burgess, T D , Can J Agr Sci 33, 396 (1953) 

18 Casady, R B , Myers, R M , and Legates, J EJ Dairy Sci 36, 14 (1953)« 

19 Chance, M R A , Rowlands, I W , and Young, F G , / Endocrinol 1, 239 

(1939) 

20 Cheng, P , Ulberg, L C , Christian, R E , and Cisida, L E , Endocrinology 

46 447 (1950) 

21 Collins, W J , Bratton, R W , and Henderson, C R , J Dairy Set 34, 22 4 

(1951) 

22 Cordts, H , Z Tierzucht Zuchtungsbiol 61,305 (1953) 

23 Couttie, M A , and Hunter, W K , Proc 3rd Intern Congr Physiol and 

Pathol Antmal Reproduction and Artificial Insemination Cambridge , Engl 
p 98-100 (1956) 

24 Crombich, J J M L , De Rover, W , and De Groot, B , Proc 3rd Intern 

Congr Physiol and Pathol Animal Reproduction and Artificial Insemination 
Cambridge, Engl p 80 (1956) 

25 Curasson, M G, Rev clev med vet pays trop [3], 139 (1949) 

26 Davies, D V , Mann, T , and Rowson, LEA, Proc Roy Soc B147, 332 
(1957) 

27 Domm, L V, Proc Soc Exptl Biol Med 29, 310 (1931) 

28 Dun R B, Australian Vet J 31, 104 (1955) 

29 Dunn, H O , thesis Cornell 164 pp ( 1952) 

30 Edwards, J , Proc Roy Soc B128 407 (1940) 

31 Erb, R E, Andrews, F N, and Hilton, J H, J Dairy Sci 25 815 (1952) 

32 Fiorentino, A , and Caretta, A , Zootcc e vet 6 542 ( 1951 ) 

33 Tlipse, R J , Snyder, J W , Thacker, D L , and Almquist, J O , Penn 

State Untv Proc Rept 104, p 14 (1953) 

34 Fraser, A F, Brit J Antmal Behaviour 5, 110 (1957) 

35 Glover, T D , Proc 3rd Intern Congr Physiol and Pathol Antmal Re- 

production and Artificial Insemination Cambridge, Engl p 108 ( 1956) 

30 Grayhack, J T, and Scott, W W, Endocrinology 60 406 (1952) 

37 Hafez, E S E, Nature 167, 777 (1951) 

38 Hafez E S E , and Darwish, Y H, J Agr Sci 47, 191 (1956) 

39 Hale, E B , Almquist, J O , and Thacker, D L , / Dairy Sci 36, 526 (1953) 

40 Hale, E B , Almquist, J O , and Thacker, D L , Bull Ecol Soc Am 34, 80 

(1953) 

41 Hale, E B , Almquist, J O , and Thacker, D L ,/ Dairy Sci 36,576 (1953) 

42 Hale, E B, and Almquist, J O, Am Psychologist 11, 451 (1956) 

43 Hale, E B, and Almquist, J O, Anat Record 125, 607 (1956) 

44 Hale, E B , Animal Behaviour 1 (March, 1958) 

45 Hansson, A , and Bane, A , Skand Krcatursforsakrlngsholaget Stockholm 

p 8 (1949) 

46 Hiq I Brit Vet ] 105,71, 114, 143,200 (1949) 

47 Hauser, E R , Dickerson, G E , and Mayer, D T , Missouri Unto Agr Exjrt 

Sta Research Bull No 503, 56 pp (1952) 

17a Ilcllstrom, P , Lantmanncti Svcnskt Land 31, 93 (19-17) 

18 IshU S , and Okamoto, S , Bull Kydshfi Agr Expt Sta 2, 65 ( 1953) 

49 James, J V , Proc 10th Ann Conf New Zealand Soc Animal Production 

84 (1950) 

50 Johnston J E , and Branton, C , / Dairy Sci 36 93 1 ( 1933) 



92 


L E now 50V 


51 Jones, I R , Dougherty, R W , and Haag, J n,J. Dairy Scl 28, 311 ( 

52 Kastmsabara, T, Japan J Vet Set 9,39 (19-17) 

53 Kendrick, J W, Cornell Vet 44, 289 (1954) 

54 Kenuish, B M , But J Animal Behaviour 3, 125 ( 1955) 

55 Kmllov, V S , and Morozov, V A , ProMemy Zhivotnovodstia 6, 90 

56 Koller, R , Wien ticrarztl Monatsschr 37,657 (1950) 

57 Lagerlof, N , Acta Pathol Microbiol Scand 19 (1934) 

58 Lutwak-Mann, C, and Mann, T, Nature 165, 550 (1950) 

59 McCullough, M , Seath, D M , and Olds, D , J Dairy Sci 34, 548 (19ol) 

60 Mann, T , and Parsons, U , J Biochem 46, 440 ( 1950) 

61 Mann, T, and Walton, A, J Apr Sci 43, 343 (1953) . 

62 Mann, T , and Rowson, LEA, Vroc 3rd Intern Congr Physiol and Pathol 

Animal Reproduction and Artificial Insemination Cambridge, Engl p 

63 Mann, T , and Rowson, L E A , Proc Nutrition Soc (Paris) 16, 18 (19o7) 

64 Mann, T , "Biochemistry of Semen ” Methuen, London, 1954 

65 Maqsood, M, Vet Record 63, 597 (1951) 

65a Maqsood, M , Science U4 693 ( 1951 ) 

66 Meites, J , Iowa State Coll J Sci 28, 19 (1953) 

67 Mercicr, E, and Salisbury, C W, Cornell Vet 36, 301 (1946) 

68 Mercier, E , Bratton, R W , and Salisbury, G W Cornell Vet 39, 32 (1949) 

69 Meschaks, P , personal communication 

70 Meschaks, P, Proc 2nd Intern Congr Physiol and Pathol Animal Repro- 

duction and Artificial Insemination Copenhagen 2 43 (1932) 

71 Meschaks, P , Ciba Foundation Symposium Mammalian Germ Cells, 1953 

72 Moore, C R, and Samuels L T Am J Physiol 98, 278 (1931) 

73 Muller, R, and Hohn E, Z Tierzuclit Zuchtungsbiol 64, 91 (1954) 

74 New Zealand Dept Agnc Rept Dept Agr New Zealand 35 (1953) 

75 Nishikawa, Y , and Hone T Bull Natl Inst Agr Sci (Japan) Ser C 3,45 

(1952) 

76 Nishikawa Y and Hone, T Bull Natl Inst Agr Sci (Japan) Ser C 10, 

299 (1955) 

77 Niwa T, and Mizuho, A, Bull Natl Inst Agr Sci (Japan) Ser G 9, 

141 (1934) 

78 Niwa T and Mizuho A , Bull Natl Inst Agr Scl (Japan) Ser G 9, 161 

79 Olson H H, Dissertation Ahstr 12, 366 (1952) 

80 Ortavant R , Proc 3rd Intern Congr Physiol and Pathol Animal Reproduc- 

tion and Artificial Insemination Cambridge, Engl p 44 (1956) 

81 Parsfnjtin, G V , and Rumjanceva, E, Konevodstvo 23(7), 12 (1953) 

82 Parshutin G V , Proc 3rd Intern Congr Physiol and Pathol Animal R e ~ 

production and Artificial Insemination Plenary Papers Cambridge, Engl 
p 45 (1956) 6 

83 pazos, R J , and Huggins C, Endocrinology 36 416 (1945) 

84 Prabhu, S S , and Cuba, S . Indian J Vet Sci 22 93 ( 1953) 

85 Prabhu, S S , and Bhattacharya P , Indian J Vet Sci 24 35 ( 1954 ) 

86 Prabhu, S S , and Sharma, V D Indian J Vet Sci 25, 89 ( 1955) 

87 Robertson. F L , Cnimmcr, R H , Casida, L. E , and Chapman, A B . 

J Animal Sci 10, 647 (1951) 



LIBIDO IN THE MALE 


93 


88 Robinson, T J,J Agr Set 40, Pt 3, pp 275-307 (1950) 

89 Rollinson, DHL, Vet Record 62, 527 (1950) 

90 Sapsford, G S , Australian J Agr Research 2, 331 ( 1951 ) 

91 Sarthou-Moutengou, J, Rw zootcc 24, 105 (1950) 

92 Schindler, H, Bull Research Comte// Israel 4, 184 (1954) 

93 Schmidt, K, Monatsch Vetertnarmed 9, 349 (1954) 

94 Shuhh, D D, and Bhattacharya, P, Indtan J Vet Set 22, 109 (1952) 

95 Skatkin, P N , Koneuodstoo 6, 9 ( 1951 ) 

96 Skatkin, P N , Trudy Vsesoyuz Nauch - Issledovatcl Inst Konev Moscow 

Selfhozgiz pp 37-43 (1955) 

97 Smith, P E ,] Am Med Assoc 104, 548 (1935) 

98 Smith, G , Proc 13tli and 14th Meeting Brit Soc Animal Production 25 

(1951) 

99 Snyder, J W, and Ralston, N P, / Dairy Set 38, 125 (1955) 

100 Stief, F , Berlin u Munch tierarztl Wochschr 67, 112 (Abstract) (1953) 

101 Trautwein, K, Ttcntucht 6, 510 (1954) 

102 Turner, C W, Proc 1st Natl Egg Transf Breed Conf San Antonio, Texas 

p 35 (1949) 

103 Van Demark, N L , Proc 3rd Intern Congr Physiol and Pathol Animal 

Reproduction and Artificial Insemination Plenary Papers Cambridge, Engl 
p 80 (1956) 

104 Van Demark, N L , Boyd, L J , and Baker, F N , / Dairy Set 39, 1071 

(1956) 

105 Wallace, C J Endocrinol 6 205 (1949) 

106 Walton, A , Proc Soc Study Fertility No 1, 40-44 ( 1950) 

107 Walton, A , and Edwards, J , Proc Am Soc Animal Production 31, 254 

(1938) 

108 Webster, W M , Proc 11th Ann Conf New Zealand Soc Animal Production 

1951, 62 (1952) 

109 Wiggins, E L , Wamick, A C , Crummer, R II , Casida, L E , and Chap- 

man, A B, J Animal Sci 10, 494 (1951) 

110 Wiggins, E L , Terrill, C E , and Emik, L O , / Animal Sci 12, 684 (1953) 

111 Willett, E L, and Larson, G L, / Dairy Sci 36, 1186 (1953) 

112 Winter, K, Ncttc Milt Landwirtsch 5, 855 (1950) 

113 \tntcs, N T M. / Agr Sci 39, Pt 1 (1948) 



CHAPTER 4 


Techniques of Collection, Dilution, and Storage of Semen 

L E Bow son 

Page 

I Introduction 96 

II Techniques of Semen Collection 97 

A Collection an the Bull 97 

1 Equipment Used 97 

2 Normal Technique 98 

3 Teaser Animals 99 

4 Variations of Normal Method 100 

5 F requenc) of Collections 100 

6 Electrical Collection 101 

7 Fertility with Electrically Ejaculated Semen 102 

B Collection in die Stallion 102 

1 Equipment 102 

2 Method of Collection 103 

C Collection in the Boar 203 

1 Equipment 103 

2 Training in die Use of the Dummj 104 

3 Technique of Collection 101 

D Collection in the Ram 105 

1 Equipment 105 

2 Teaser Animals and Methods of Collection 105 

3 Electrical Collection 205 

E Collection in the Dog 10G 

1 Method 100 

III Dilution and Storigc of Semen 100 

A Necessity for and Purpose of Dilators 100 

1 Prescr\ing Action 100 

2 Temperature Shock 108 

B Dilution of Bull Semen 108 

1 Types of Dilators Used 108 

2 Minimum Number of Sperm for Normal rertilitv 109 

3 Effect of Addition of Antibiotics to Diluted Semin 109 

i Comparative Effect of Various Diluents 111 

5 Dilution Storage and Fertility 113 

0 Storage of Semen at Room Temperature 113 

C Dilution and Storage of Stallion Semen 114 

D Dilution and Storage of Boar St men lit 

r Dilution ami Storage rf Jlam Scnwn 115 

1 Dilution and Storage of Dog Sernm 110 

l\ 1 valuation tf Semen 117 

V Deep 1- teejflng o r Semen 110 

A 1 treylng of Bull Semen 1 20 

1 Mettmd J2n 



96 


L E BOWSON 


2 Optimum Glycerol Concentration 

3 Equilibration 

4 Effects of Sulfonamides and Antibiotics on Frozen Semen 

5 Disease Organisms and Freezing 

6 Freezing in Various Diluents and with the Addition of \ anous 
Sugars 

7 Storage Containers and Temperature Control 

8 Storage in Liquid Nitrogen 

9 Fertility of Frozen Semen 
B Freezing of Stallion Semen 

C Freezing of Boar Semen 
D Freezing of Ram Semen 
\ I Freeze Drying of Semen 
A Experimental Results 
B Degree of Dehydration 
References 


I Introduction 

Artificial insemination has been known to be possible since the 
Middle Ages but has only been developed as a technique for livestoc 
improvement during the last quarter of a century Russia was the first 
country to apply the technique in practice, and it was some years later 
before Western Europe and America became interested 

Very large numbers of cattle are, however, now being inseminated 
in almost the whole of Europe and in the United States In 1957, ap* 
proximately 2,200,000 ( 23%) cows were inseminated in France, 440,000 
(30%) in Sweden, 960 000 (60%) in the Netherlands, 1,450,000 (2o%) 
in West Germany, 1,500 000 (90%) in Denmark, 1,770,000 (59%) in 
England and Wales, 470,000 (9%) in Canada, 176,000 (9%) in New 
Zealand, and 5,800,000 ( 27% ) m the United States In the United States 
the numbers represent the proportion of dairy cattle primarily How 
ever, a few beef cattle breeders are beginning to breed cattle artificially 
in purebred herds Many countries in the Middle and Far East are also 
in the process of developing centers and training personnel in the use 
of the technique 

The average number of cows inseminated per bull vanes from coun 
try to country but is usually between 1000 to 2000 per annum, with 
exceptional bulls exceeding this number very considerably 

With maximum dilution a bull producing an average quantity of 
good quality semen could theoretically produce sufficient diluted semen 
to tnsemuiite some 75,000 cows per annum, which is some reflection 
of the potentialities and dangers of the application of this technique 
The introduction of deep frozen semen has greatly encouraged the 
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pedigree breeder in the use of artificial insemination (A.I.) as he can 
now nominate his cows to any bull within his own country which i$ 
standing at a center, frozen semen being shipped to his nearest A.I. 
center for his use. This has overcome the criticism which many breeders 
voiced in the early days of A.I., when the main complaint was that 
there was no choice of bulls and herds became a collection of animals 
by different sires. 

During these last 15 years, technical development and expansion have 
outstripped the availability of, and methods for determining, the geneti- 
cally valuable sire. Only animals of known genetic value should bo 
used for very heavy service. In the case of young unproven bulls the 
technique should be used merely as a tool for measuring their genetic 
ability. 

Apart from improvement of milk or butterfat yields and genotype, 
the technique is also being used to produce beef crosses by putting 
color-marking beef bulls on the poorer yielding cows in the dairy herd 
from which the breeder does not wish to keep replacements. 

Artificial insemination of mares has largely been practiced in Eastern 
Europe, the U.S.S.R., Japan, and South America. 

Large numbers of sheep are also inseminated in the U.S.S.R., the 
figure exceeding 28 million in 1955. Smaller numbers are inseminated 
in Australia, France, and South America. 

The field application of artificial insemination in pigs has only been 
in practice during very recent years in Great Britain, Norway, and 
Japan, although experimental inseminations and field trials have been 
conducted in many countries, including the United States, Belgium, 
France, and the Philippines. 

Artificial insemination in the dog has only been carried out in a 
very limited way. It would appear unlikely that it will ever reach any 
great proportions, although its value, particularly in the international 
exchange of semen, could be considerable. 

II. Techniques or Semen Collection 
A. Collection in the Bull 
J. Equipment Used 

The most common method of collecting semen in the bovine is by 
the use of the artificial vagina. This consists of a stiff rubber tube 
through which is passed a thin rubber liner which is folded back over 
each end and held in position by stout rubber bands. At one end a 
rubber cone is attached and leads to a graduated test tul»c for collecting 
the semen. The length of the vagina varies according to fancy but there 
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is little doubt that the shorter types, 26 cm in length for the > g 
hulls and 30 cm for larger and adult animals, are the most satis a 0 
as the penis then penetrates completely and ejaculation tabes p ic 
rectly into the cone and test tube In this way contamination o 
semen by debns from the prepuce is avoided Prior to collection 1 
vagina is filled with warm water and lubncated internally with upn 
paraffin, vaseline, or other innocuous lubricants such as tragacantb ® 
internal temperature is checked using a chemical thermometer, it s ou 
be about 45°C at the time of leaving the laboratory Although this is 
higher than normal body temperature there is ine\ itably some heat oss 
before the actual collection takes place The test tube is usually in 
sulated with sponge rubber to avoid too rapid cooling of the semen an 
to prevent breakage 

It is not advisable to take more than one collection in each vagina 
so prepared as the second semen sample is very likely to be con- 
taminated by debris left in the vagina during the first collection 


2 Normal Technique 

It is usual to carry out a process spoken of as “teasing” prior to the 
actual collection This consists essentially of exciting the bull by allow- 
ing lum to see and approach the teaser animal and perhaps even 
mounting, but without ejaculation taking place During this phase ac- 
cessory fluid usually dribbles away from the prepuce and the bull shows 
signs of erection This preparation is of considerable importance in 
certain bulls and unless it is earned out in these animals the first collec 
tion is almost always of poor quality There is some evidence (53, 131), 
although not conclusive, that conception rates can be improved by in- 
ducing better semen production as a result of teasing 

The actual technique of collection is equally important It is always 
advisable to apply the vagina to the penis only when the bull is actually 
probing for it and obviously prepared for service It should never be ap- 
plied as the bull is just mounting or is in the process of dismounting 1^ 
this is done, quite apart from the unsatisfactory psychological effect on 
the bull itself, semen quality and volume of ejaculate almost always 
suffer 

Similarly, great care must be exercised regarding the angle at which 
the vagina is held and the collection taken Some bulls will thrust 
violently against the hindquarters of the teaser, resulting in sharp bending 
of the penis and the infliction of pam which, if repeated often enough, 
may inhibit the bull from further service The service characteristics of 
each bull must be determined and the technique modified accordingly 
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The difficulties encountered in collection are discussed in more detail 
in this volume. Chapter 3. 

The normal pattern of behavior of the bull is to approach the hind- 
quarters of the teaser and nuzzle the base of the tail for a few seconds. 
The back is then usually depressed and there is slight pumping action, 
usually accompanied by erection and dribbling away of accessory fluid. 
The bull then mounts, dropping his forelegs in front of the external iliacs, 
and the penis commences probing for the vagina. At this point the 
operator, standing to the right of the bull, clasps the sheath with his 
left hand just behind the orifice, deflects the penis to one side, and at 
the same time holds the artificial vagina in his right hand so that entry 
of the penis takes place normally. The bull usually thrusts vigorously, 
sometimes leaping off the ground in the process. 

Care must be exercised as to the angle of the bull in relation to the 
teaser at the time of collection, as violent thrusts when the bull is angled 
away from the collector can cause damage to the penis due to very 
sharp bending. 

Some bulls which are sluggish workers do not follow the above pat- 
tern but merely stand behind the teaser, frequently resting the head on 
the hindquarters and adopting a somnolent attitude. Such animals may 
often be stirred into activity by movement on the part of the teaser, 
such as allowing the animal to move backward and forward in the 
collecting crate or by leading it just ahead of the bull into the crate. 

3. Teaser Animals 

The choice of the teaser animal on which the bull is to mount varies 
from center to center. Some centers prefer to use a cow, others a bullock, 
and others merely use one of the other bulls standing at the stud. In 
general, once a bull is conditioned to service there appears to be little 
difference in erotic effect among cow, bullock, or bull, although occa- 
sionally the collecting bull may attack a bull teaser in the crate. The 
obvious advantage of the use of the male teaser is that there is no possi- 
bility of accidental service and consequently no risk of the spread of 
any venereal disease which might possibly be introduced by a new bull 
entering the stud. 

The risk of contamination of the penis still exists, howc\er, ns the 
mounting hull frequently touches the hindquarters of the teaser with his 
penis and any other animal mounting subsequently could mechanically 
pick up the disease organism. For tin's reason some centers wash down 
the hindquarters of the teaser with disinfectant between collections 
while others have devised aprons which can he changed between col- 
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lections In general this latter method is undesirable as they are difficu 
to beep in place and can upset bulls of nervous disposition or animals 
with poor libido . 

The use of a dummy teaser, although satisfactory for some bulls, 
not on the whole advocated Apart from the possible psychological clii> 
ficulties which can be induced, dummies are too rigid during collec ion 
and hch the elasticity provided by a living teaser during the actua 
thrust 

4 Vartattons of Normal Method 

Several modifications of the standard artificial vagina have been de 
vised (30a, 138, 139, 162) These variations have included the use ot 
plastic artificial vaginas incorporating a thermometer plastic vaginas 
equipped with a sphincter only and no liner, the use of corrugated liners 
for bulls which will not thrust readily the use of sponge rubber between 
liner and outer casing, and the introduction of a sphincter under the 
liner of the normal type artificial vagina 

Some operators also prefer to replace the normal screw bung in the 
outer casing with a screw tap in order that the internal pressure can be 
varied according to the particular bulls preference b) blowing air be 
tween liner and casing 

5 Frequency of Collections 

The frequency with which a bull is used for service depends on a 
number of factors, such as age and semen requirements, but the opti 
mum physiological frequency has been the subject of a considerable 
amount of research Bratton and Foote (38) studied the semen produC 
tion and fertility of bulls collected at intervals of 4 to 8 da)S They 
found that 60 % more motile sperm were ejaculated by collecting at the 
4 day interval but that there was a slight but not significantly higher 
conception rate in the 8 day bulls Bratton et al (37, 40) carried out a 
similar study on mature dairy bulk and found 62%- more motile sperm 
produced m those ejaculated twice within the 8 days There was no dif- 
ference in fertility of the group and no downward trend in the output 
of motile spermatozoa over 360 dajs 

Lastey and Bogart (145) found significant fertility correlations with 
the interval from the previous service, while Dawson (58) related fer 
' btay t0 the number of services in the preceding month- Contradictory 
evidence was found by Ellenberger and Lohmann (77) who could de 
tect no influence of ejaculation interval or number of ejaculations m the 
previous period Mercier et al (173a) obtained better semen in bulk 
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ejaculated once in 6 days as compared with either twice on the 12th 
day or three times on the 18th day Van Demark (249) has summarized 
the literature on this aspect of sperm production 

It is usual at most A I centers to collect from each bull at intervals 
of from 5 to 7 days with one or two ejaculates taken at each collection 
There can obviously be no hard and fast rule regarding collection fre- 
quency and a balance is normally struck between the physiological 
optimum and the practical requirements 

6 Electrical Collection 

It is not infrequent to encounter bulls which for one reason or an- 
other, such as lameness or old age, are unable to mount the teaser cow 
and consequently semen cannot be collected by normal means While 
some scientists are opposed to such animals being used at all there are 
undoubtedly cases where the method of electrical collection is invalu- 
able It is dubious whether m the young bull which refuses to serve the 
technique is warranted as a routine procedure, as the possibility of 
breeding animals deficient in libido has to be borne m mind, but in the 
case of the \ery old and the lame bull there can be no question about 
its value 

The technique of electrical collection was first described by Gunn 
(101) m Australia for use on the ram and consisted of a rectal and 
spinal electrode The equipment has been modified and used by many 
workers (55, 70, 116, 134, 146, 164, 166, 194, 198, 210, 245) Two meth- 
ods are now in common use and only differ m the cycle frequency and 
in the type ol electrode used 

Marden (164) advocates the use of a 30 cycle frequency and a rectal 
probe into which the electrodes are set It is claimed that with this 
equipment the penis erects and semen can be collected directly \\ ithout 
any contamination from the sheath The second t)pe is that advocated 
b) Tiubault ct al (245) but using the finger ring electrodes suggested 
b) Row-son and Murdoch (210) and a cycle frcquenc) of 50 Both these 
types of equipment have proved satisfactory but the rectal probe has the 
disadv int ige that feces arc often forced back during its use and sur- 
round the probe, consequent!} reducing its effect With the finger elec- 
trodes this cannot happen as the} arc pressed down on either side of 
the ampullae and alw ns in contact with the rectal wall 

The bull is restrained either b) pi icing bun in stocks or In tvang 
bis Ik ul and pi icing a rope around the abdomen just m front of the 
hips to prevent si dew ns movement Tcces arc removed from the rectum 
some operitnrs advise lavage with saline to give bitter conduct is it \ 
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when the rectal probe is used This is completely unnecessar) ^ith th 
finger electrodes The probe is then introduced or, in the case ot t e 
rings, the gloved hand with the rings on the first and third fingers 
Stimulations are appbed m increasing waves by altering the resis 
ance The first low voltage stimulation (5) induces dnbbhngs from the 
penis of fluid from the urethral glands followed by a more copious flow 
from the accessory glands, finally, after some 18 to 20 stimulations an 
usually at a voltage of 15 to 20, the appearance of semen (156) Col 
lections are made by holding a warmed funnel and test tube under the 
abdomen of the animal and collections should be fractionated in order 
to preserve the semen fraction When the penis erects the collections 
are often more difficult as the ejaculate tends to squirt m almost any 
direction and a modified collection receptacle is desirable The quantity 
of semen obtamed is much greater than by normal methods of collection 
but the density is usually reduced 

7 Fertility with Electrically Ejaculated Semen 
Fertility of semen collected in this way is quite as good as that ob 
tamed by means of the artificial vagina (Table 1) (163) 


TABLE I 


Comparison of Fertility 

•with Semen Collected Electrically 
Artificial Vagina (163) 

AND BY THE 

Normal collection 

Electrical collection 

No of first Nonreturns 
inseminations 3 months 

Conception 

rate 

No of first Nonreturns 
inseminations 3 months 

Conception 

rate _ 

1438 934 

64% 

3712 2537 

68% 


B Collection m the Stallion 

1 Equipment 

The apparatus used for semen collections in the stallion is in pnn 
ciple the same as that used for the bull but is of a much larger diameter 
and the collecting cone and tube are usually replaced by a glass collect 
ing bottle clamped on to the tapered end of the vagina (59) A cone 
leading to the semen collecting bottle is however sometimes used but 
it is essential in such cases to secure the cone and bottle adequately or 
the weight of fluid in the after ejaculation may cause accidents 

As in the case of the bull stallions can be trained to mount mares 
not in estrus or even a dummy mare but in the former case an animal 
which will stand quietl) when hobbled is essential 

In larger horses the size and weight of the artificial vagina makes 
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it necessary to use two operators during collection The vagina for these 
animals is usually provided with two handles, the hind one of which is 
held in the right hand of the operator nearest the stallion while the other 
is held by the left hand of a second operator standing alongside him 
but near the mare’s flank 

2 Method of Collection 

After mounting, the penis of the stallion is introduced into the arti- 
ficial vagina and the hindmost operators left hand is then placed be- 
neath the underside of the penis so that he can feel the pulsations of the 
urethra as the stallion ejaculates The vagina is held at a slightly up- 
ward inclined angle until the pulsations commence at which point the 
operator holding the collecting end of the vagina lowers it to below 
horizontal so that the semen can flow down into the collecting bottle 
With the cone and bottle this lowering is not necessary as the stallion 
will ejaculate into the cone itself but with the bottle plus semen swing- 
ing on the end of the cone there is always a danger of breakage 

An alternative method which has been used m some cases is collec- 
tion by means of a plastic or rubber condom which is removed from the 
stallion on dismounting Several investigators ( 19, 59, 61, 143, 224, 230, 
264) describe some of the problems associated with the collection and 
examination of stallion semen 

C Collection in the Boar 

1 equipment 

Mating in the boar is a more prolonged affair than in most of the 
domestic animals and it is usually necessary to provide some form of 
stimulation during the process of collection by means of the artificial 
vagina 

Tins is usually done by connecting two rubber bulbs to the vagina 
inlet — one to raise the internal pressure to the required lc\el and the 
other to transmit pulsations Three types of artificial vagina are used 
Two of these are similar to that employed for the bull apart from the 
pulsating and pressure mechanism They differ m that in one there is a 
single rubber liner and the hot water is removed prior to collection, 
otherwise it would interfere with the valves of the pulsating mechanism 
In the case of the other there is a double liner with water between and 
which can, therefore, be left as a jacket during pulsations and which 
will maintain the temperature of the vagina throughout the period of 
collection The doublc-w tiled liner unfortumtelv lias the drawback that 
it has to be filled from one end and the second liner then turned back 



104 


L h RON' SON 


mer the outer pchct Tim >s not t, ser.ous d^acHantage In 

types a cone is fitted to tlic \agtna and leads to a 500-mi co S 

flnS \n the third type a much narrower htex tube alone is wed into 
which the boars penis is introduced and pressure is maintained >)' ‘ 
mg tlie liner in the hand and pressing it around the distal portion o 
penis The tube is directed in the usual way into a collecting *» 
Description of the collecting techniques and equipment can be oun 
in the following papers (3, 97, 192, 253) 


2 Training in the Use of the Dummy 

The boar is an animal winch can easil) be trained to use a dunun) 
Dummies are, therefore, used extensively for collection purposes lC ^ 
a dummy has been used recent!) b) otiicr boars min) animals 
mount it at the first introduction but in some cases it is necessary o 
carry out a certain amount of training This can he done either b) co 
lecting from another boar within view of the trainee and immediate) 
afterward allowing him access to the dummy or b) allowing the boar 
to get used to serving sows at a certain spot and then substituting t i e 
dummy 

Once the boar mounts the dummy it is essential to carry out a col- 
lection so that an association is built up between dumm) and service 
Failure to do this in a boar requiring such training can result in serious 
difficulties When the collecting dummy is not in use it should be kept 
well away from the boar 


3 Technique of Collection 

The collection procedure is to allow the boar to mount and to direct 
the penis into the artificial vagina The pressure within the vagina is 
then raised by pumping air into the system When the pressure is judged 
to be sufficient, pulsations are started by pressure on the second bulb 
During the initial period the boar will continue thrusting at the \a 
gina but once ejaculation of semen commences he will remain quite 
motionless and not start thrusting again until it is completed The pul- 
sating type of vagina is usually about 28 cm in length Some boars will 
penetrate through the vagina and into the cone Where this occurs it is 
advisable to clasp the cone against the penis with the hand as this 
tends to speed up the process of ejaculation The ejaculate of the boar 
consists of three parts accessory fluid, semen, and a gel like substance 
which is believed to act as a seal to the cervix following normal service 
It is the practice at some A I centers to fractionate the collection by 
* allowing all but the semen to run on to the ground In this way a much 
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denser semen fraction is obtained with a minimum of gel and accessory 
fluid. Before dilution the gel is removed by filtering through sterile 
gauze. 

D. Collection in the Ram 

1. Equipment 

The type of artificial vagina used for collecting ram semen is similar 
to that used for the bull but of smaller size. In view of the relatively 
low volume of semen produced by the ram on ejaculation the rubber 
cone and graduated test tube are sometimes replaced by a vacuum col- 
lecting cup fitted tightly into one end of the vagina. This has the added 
advantage of additional protection against temperature shock. 

2. Teaser Animals and Methods of Collection 

Rams can readily be trained to mount either an ewe not in estrus 
or even another ram, particularly if initiation takes place during the 
breeding season. If collections must be made from large numbers of 
rams with varying degrees of libido it may be advisable to ovariectomize 
a teaser ewe and implant stilbestrol tablets under the skin. Such animals 
make excellent teasers. The method of collection is simple: The vagina 
is filled with warm water, as in the case of the bull, and is held in the 
right hand. The ram is then allowed to approach the teaser and usually 
mounts quite readily. The penis is deflected toward the collector by 
grasping the sheath in the left hand and directing it into the artificial 
vagina. Thrusting is less vigorous than in the case of the bull and dam- 
age to die penis, therefore, extremely unlikely. 

There is a seasonal variation in both libido and sperm quality in the 
ram, but most rams can be induced to serve even during the nonbreed- 
ing season. 

3. Electrical Collection 

The ram responds axtremely well to the electrical method of collec- 
tion but the method of Gunn (101) is now completely replaced by the 
use of the rectal electrode (70, 75, 76, 191). 

Unlike the bull the density of ram semen collected electrically is 
approximately the same as that obtained by the artificial vagina and 
there is usually little or no dribbling a way of accessor)’ secretion prior 
Vo the appearance of semen. 

The technique of application of the stimuli is similar to that used 
for the hull hut the response is more rapid and a lesser degree of stim- 
ulation necessary. Duller workers who studies! electrical collection in 
the ram were Ortavaut ct ah (ISO) and IJkar and Kamlii (151). 
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E Collection in the Dog 

1 Method n „u>A 

Collection of semen and fertility studies ml 
out by set eral investigators (12 50,92, lb ,107, Ml means o( 

The semen is either collected by digitnl nraiipu . . f oun d 

an adaptation of the bovine type of artificial vagina Harrop < .W D ^ 
that with training and using the artificial vagina dogs coul 

to serve without using a teaser bitch . , f collection 

The volume of the ejaculate is affected by the me hod of col.K 
and much greater amounts arc obtained by the use of the . 
gina as against the digital method llarrop (109) obtained above hv 
times the volume using the vagina, when these two methods 
pared on a number of different dogs of differing breeds 

Ejaculation takes place in three distinct fractions The ^ 

consits of a clear fluid of from 025 to 20 ml and is believed t 
produced by the urethral glands The second fraction! eonta ns 
spermatozoa and may be from 0 5 to 4 0 ml in volume The 
tion, consisting of the secretion of the prostate, is relatively c 
vanes in volume from 3 to 20 ml Harrop (109) states that sc P 
these three fractions is 637, 610 and 7 20, respectnely 

Dog semen is less dense than that of the bull or ram and conscqt 
ly shows sperm movement rather similar to that of the stallion ^ 

Sperm density appears to vary considerably and can be from 
200 or 300 million sperm per ml 

The properties of the ejaculate from various domestic species 
indicated in Table II 


III Dilution and Storace of Semen 
A Necessity for and Purpose of Dilutors 
1 Preserving Action 

The dilution of semen has for many years been known to have an 
adverse eSect on sperm survival m animals, recent studies have n 
earned out on this phenomenon in bull semen by Bishop (22) aD 
Kok (136) 

It was not until the work of Lardy and Phillips (144), who demon 
strated the action of egg yolk, that any real progress \\ as made on semen 
preservation Since then, with the additional impetus derived from tn 
large scale development of A I , enormous stndes have been made m 
studies on dilutors, dilution rate, and methods of improving the fertility 
of diluted semen 
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A semen dilutor must possess a number of P™P“| 1 “ ™ ltozo i for 
ab.Uty to prevent temperature shock, to i prescrv , A # , nl [f enn g 

tong P™* in mVact isotonic with semen, a 


long periods with a minimum iau ;• . W1 th semen, a 

effect Many dilators in use today arc “ 1 a Barnes (203), 

study on this factor was carried out by Rothschild 

Smith, et al (232) c t i lC i r primar) 

Apart from the preserving action of dilutors, c me o tl P or(]er 

functions is to increase the volume of sperm cental a gj ^ [rom » 

to multiply the number of doses which can he made 
given semen sample 

2 Temperature Shock . m ner* 

The sudden cooling of spermatozoa results in a con ltl °" ° ne P m 
ature shock during which there is a rapid breakdown of ad 
phosphate which they become incapable of resynthesizing P ^ 

become more permeable with gradual leakage of "J'™ , ^almost 
(161) This effect is less severe if the sperm is cooled slowly , ]ow 

all dilutors used have a protecting action against this effect . 
relatively rapid cooling with safety 


B Dilution of Bull Semen 
1 Types of Dilutors Used 


1 Types of uuutors use a 

One of the earliest dilutors in A I was developed by Milovanov ( 
and consisted of 13 6 g NaS0 4 12 g glucose, and 5 g Wittes pq 
m 1 1 water, but with the discovery of the beneficial effect b 
yolk by Lardy and Phillips (144) most dilutors used in artificial ins 
nation at the present day contain at least a percentage of yolk 

Two main saline diluents are now commonly used with ' ar > 


percentages of egg yolk (20-50%) 

Yolk Phosphate 

Na 2 HP0 4 12H 2 0 20 g 

KH 2 P0 4 0 2 g 

Distilled HoO 100 ml 

To this solution is added egg yolk at concentrations of from 20 to 50%^ 
Yolk/Citrate Two concentrations of dihydrogen sodium citrate 1 
glass distilled water are commonly used (29 and 3 6% ) , as with p oS 
phate, yolk is added at concentrations of from 10 to 50% (13, 236) 
Other diluents include 

Yolk/Glycine Consists of a mixture of 4% glycine solution anc 
egg yolk. 

Milk Diluents Many forms of milk, including heated skimmed mi 



COLLECTION, DILUTION, AND STORAGE OF SEMEN 


109 


homogenized whole milk, milk containing yolk, glycme, and glycerol, 
powdered milk, and even cream have been used as semen diluents 
Heat-treated milk is warmed to 92°G and held at that temperature for 
10 minutes before use 

Whole egg dilutor Details of investigations carried out with these 
various diluents are to be found in Sections II, B, 3 and 4 

2 Minimum Number of Sperm for Normal Fertility 
Bratton et al (36) studied the number of spermatozoa necessary 
for normal fertility by inseminating groups of cows with 14 3 X 10 c s 
9 5 X 10°, and 4 7 X 10° sperm The 60-90 day nonreturns were 70 5, 
70 9, and 66 7%, respectively Willett (258) also reported a decline m 
fertility of 05% per million decrease of sperm numbers from 12 to 6 
million per insemination As the number of spermatozoa fell below 6 
million the percentage decrease in nonreturns increased by over 2 6% 
per million 

The findings of these workers, together with those of several others 
(32, 33, 34, 185, 216, 217, 218), have led to the recommendation of a mini 
mum number of 10 X 10° sperm per insemination dose m the case of 
bull semen 

3 Effect of Addition of Antibiotics to Diluted Semen 
The addition of antibiotics to diluted semen has been studied by 
innumerable workers from the point of view of its toxicity, effect on 
viability and on fertility, and in the prevention of the spread of venereal 
disease (5, 6, 7, 11, 17, 34, 71, 72, 73, 74, 113, 179, 204, 235, 239, 251, 261) 
The levels of antibiotics usually added to liquid semen are sulfanil- 
amide, 03%, penicillin, 1000 I U , streptomycin, 500-1000 jig per ml 
Rottenstcn (205) compared the fertility of semen diluted in jolk 
citrate sulfanilamide containing either 1000 or 500 pg /ml dihydrostrcp- 
tomjem and obtained no difference in conception rates, although they 
were both significantly above that of control samples 

Adler and Rasbcch (8) compared the effect of the addition of 1000 
and 5000 jig/ml dihydrostreptomjcin sulfate to diluted semen and 
found a significantly higher conception rate at the higher lex el (056 
as against 63 2% ) 

Schmidt (226, 227) measured the time during xvlnch 50% of sperm 
remained motile in the presence of penicillin, streptom) cm, and sulfanil- 
amide, using boiled milk, \olk citrate, and )oIk phosphate as dilutors 
No sigmficmt differences xxcre found nmong agents and dduinls 

WiNett and Ohms (262) using a basic dilutor of )olk citrate sulfanil- 
amide. found on 136 001 services that the addition of streptom) can 500 
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pg/ml gave slightly better fertility than .A ^ 

'and showed an increase of 45* ov er ‘he control on 60-90 day^ 
returns They also compared sulfanilamidc/strcptom) , V 
aCe ! and pemcillin/streptomycin with the control ~nta.mng JO a"t. 
bacterial agents Best results were obtained with sulfamlamid / 1 

^ White (236) found that penicillin, streptomycin, or sulfandamide^t 

levels as high as 5000 ID or 5,000 „g /ml was nontoxic to bull spenn 
Bratton and Foote (35) compared the effect of various antibiotics 
on fertility and showed that penicillin and streptomycin ' was 

effective agents for improving fertility and that the greate 
in low-fertility bulls (Table III) 


The Effect 

TABLE 111 

of Various Antibiotics on 

FtnTTLITY (35) 




High fertility bulls 

Low fertility 

bulb 

Semen diluent 

Cows conceiving 
60-90 day non 
returns (%) 

Increase 

oxer 

control 

Cows conceiving 
60-90 day non- 
returns (%) 

Increase 

over 

control 

Citrate yolk plus 

No antibacterial agent 

65 



58 


Sulfanilamide 

66 

+ 1 


+10 

+11 

Penicillin 

71 

+0 

68 

Streptomycin 

69 

+4 

69 

Polymixin 

67 

+2 



All four antibiotics 
combined 

68 

+3 

73 

+15 


The same authors studied the effect of these antibiotics on semen 
stored at 5 and 25°C but concluded that although bacterial growth was 
inhibited by the combined antibiotics that motility after 25 hours 3 
25° C was reduced 

Campbell and Edwards (47) carried out a large scale expenmen 
on the fertility of phosphate and citrate buffers containing vanous com 
binations of antibiotics In 68,713 cows, phosphate buffer gave a ® ~>° 
better conception rate than citrate but citrate containing penicil 1 » 
streptomycin, and sulfanilamide gave a 6 8 °fo better conception rate tna 
unsupplemented citrate, phosphate buffer with penicillin gave a rate 
of 9 3% above that of unsupplemented citrate 

Foote and Bratton (89, 90, 91) studied the effect of sulfanilamide, 
polymyxin, and aureomycm on motility of sperm and the bacterial con 
tent on storage These antibiotics were found to be nontoxic to sperma 
tozoa at bactericidal levels 
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Aamdal (1) could find no difference in fertility with or without the 
addition of streptomycin and penicillin, either as a whole or between 
bulls. 

Investigations on the effect of various dilutors and antibiotics have 
been done on semen (2, 112, 125, 137, 226, 227, 259) and on bacteria 
(7, 10, 29, 35). 

In the first reports on frozen bull semen ( 191 ) there was the sugges- 
tion that glycerol might improve fertility. Williams et al. (263) in- 
vestigated this possibility by adding 10% glycerol to heat-treated, 
homogenized milk which resulted in some improvement. Similarly, 
Flipse and Almquist (88) studied the effect of glycerol on motility in 
an egg yolk-glycine diluent. Holt (117) found that the addition of 
10% glycerol gave a significant increase in fertility. 

4. Comparative Effect of Various Diluents 

Melrose and Stewart (173) compared the fertility obtained when 
2.9 and 3.6% citrate solutions were combined witli yolk and could 
demonstrate no significant difference between these two concentrations. 

Saacke et al. (215) studied the effect of time and temperature on 
the viability of bull semen in heated skim milk. There was no significant 
difference in viability if the milk was heated at from 73 to 97°C. for 27 
minutes, but viability was reduced if heated for 3 or 9 minutes at 73 
or 105° G. for 27 minutes. The best viability was obtained by heating 
for 1 minute at 87 to 97 '’C. 

Johnson ct al. (126) studied the effect of alteration of electrolyte 
cottccutsatvan, pH, wad osmotic pressure oo the viability of boll sperm. 
Within the ranges tried (pH G.2-7.0) osmotic pressure (freezing point 
depression — 0.50 and — 0.70°C.) there was no difference in viability, 
hut the addition of 0.5 N NaCl gave some improvement. The basic 
dilutor consisted of a cystcinc-trcatcd, nonfat, dr)' milk solids mi\turc. 

Saacke ct al. (214) compared the viability of spermatozoa in skim 
milk heated to 92°C. for 10 minutes and containing cither 9 or 11% 
nonfat solids (NFS). Over a period of 14 days it was found that viabil- 
ity was better in the diluent containing 9% NFS than in the 11%. Anti- 
biotics were added in each case and a constant number of spermatozoa 
used. 

Erb ct al. (82) compared the fertility of semen diluted in heated 
homogenized milk to which had been added 250, 500, and 1000 units 
of penicillin and streptomycin. Streptomycin added at 1000 jig. per 
ml. gave letter results than at lower le\els or than similar mixtures 
with penicillin. As in the work of Bratton and Foote (33), IkM results 
v.ett? obtained with bulls of lower fertility. 
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Rakes and Stallcup (193) compared sperm moUhty mrng gg y 
and glycine imxtures of 203 and 3% ruth 2 94% sodium d ^ erenc c ,n 
at S and -78°C With the frozen semen there was » < lho 

motility in the three diluents, but at 5 C after 6 day capacity 
yolk-glycine diluents were superior desp.te an inferior buffering P ’ J 

Thacker and Almqmst (243) investigated the fertility and 
of bull semen in boiled milk In unboiled skim milk and g bol ] e d 

milk sperm survival was poor but if either of these dilue 
sperm survival equalled that of yolk-eitrate It was found " c “ 5 J. 
to heat the milk d, Inters to at least 92"C for satisfactory sperm su^ 

vival Fertility results for boiled homogenized milk were - / 

2381 cows and 71 4% for yolk citrate on 2620 cows Perkins ct at 

obtained similar results ,, , . . Wlt b 

Similarly, Kerruish (132) compared the fertility of mil ^ llu * ize a 
egg yolk diluents in a split-sample trial using heat-treated homog 
milk and egg yolk citrate Fertility results of 68 8% for the mi 
699% for yolk citrate were obtained Using skim milk agai 
same control the results were 707 and 69 1%, respectively 

Melrose (171) using 9% reconstituted skim milk powder comp > 
fertility with 3 6% yolk citrate and obtained a conception rate of b P 
for milk and 63 5% for yolk citrate on a total of over 10,000 cows 
strange feature of his results was that the bulls showing high fertilities 
the milk-yolk-citrate group showed lowest fertilities in the egg y° 
citrate group Jacquet and Cassou (123) also investigated powdere 
milk as a diluent . i 

It is known that there are great variations in sperm viability m ° 
milk dilutors and it is believed that these variations are due to t e 
methods of preparation of the powder at the factory and the influence 
that this preparation has on the sulfhydryl groups of the final dilucn 
These factors have been further investigated by Melrose ( unpublishe ; 

Strom (237) compared fertilities obtained by egg yolk-citrate an 
egg yolk-glycine and found no difference in the over-all rates In con- 
trast, Roy and Bishop (211) obtained slightly better results in motility 
studies when the storage period exceeded 50 hours Tyler and Tanabe 
(246) also investigated sperm motility in glycine and yolk citrate 

In some cases egg yolk and milk are used in combination Bonna- 
donna (30) obtained a better conception rate using 10% egg yolk in 
milk as compared with the normal egg yolk citrate dilutor Other 
workers (28, 62, 86, 87, 112, 124, 219, 234, 244, 252, 254) have studied 
milk as a diluent 

Dilution of bull semen with whole egg extenders has been studied 
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(64, 65, 68, 114) but the results obtained are inferior to those using 
yolk-milk or glycine dilutors. 

5. Dilution, Storage, and Fertility 

One of the most important functions of a dilutor is to maintain 
fertility for as long a period as possible. Unfortunately, the fertility of 
stored semen is not always related to its activity. This is amply borne 
out by the storage of semen of the stallion, boar, and ram, where ex- 
cellent activity can be obtained on storage but with relatively poor 
fertility. 

Studies on the decrease in fertility of bull semen on storage have 
been carried out by Willett (260), who found not only a relationship 
between age of semen and fertility but between dilution rates and viabil- 
ity on storage. Campbell (46), in a large-scale study on 50,213 in- 
seminations, found an average rate of fall in fertility of from 3.4 to 
8.3% per day up to 4 days; this is largely in agreement with the findings 
of Oloufa (185a) who put the figure at 6.56% reduction per day 
over die same period. Other people (104, 115, 169, 206) also in- 
vestigated Uiis problem. 

Most workers find that a fall of 3 to 8% occurs after 24 hours and that 
this percentage increases more rapidly with the time of storage. 

In practice dilution rates are usually varied according to require- 
ments but should never be such that the number of sperm per dose falls 
below 10 million motile sperm. 

6. Storage of Semen at Room Temperature 

Recent work by Van Demark and Sharma (248, 250) has stimulated 
interest in the possibility of the storage of bull semen at room tempera- 
ture. 

The diluent used by these workers consisted of 20.0 g. sodium citrate 
dihydratc, 2.1 g. sodium bicarbonate, 0.4 g. potassium chloride, 3.0 g. 
glucose, and 3.0 g. sulfanilamide dissolved by warming in 1000 ml. dis- 
tilled water. The solution is gassed with carbon dioxide until the pll 
is reduced to G.35, at which point 1000 I.U. penicillin and 1000 pg. 
streptomycin per ml. and egg yolk to 10% of the diluent arc added. Semen 
is added to the diluent which is then nmpoulcd in 1 ml. aliquots and the 
ampoules scaled and stored In the dark at room temperature, G5~S0*F. 

Fertility results obtained with semen stored in tills way for 0 to 7 
days have shown little decline in fertility as compared with the control 
yolk -citrate diluent (250). The numbers of inseminations carried out 
using this diluent arc as yet too small to lie conclusive. 
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C Dilution and Storage of Stallion Semen 
kinienev (129) reports tint 109 of 117 »» — L^d 
stallion semen diluted in mare s milk became prog «l u cose volk 

better mot, hues » rmres m.lh diluents than m glucose or 
diluents Roy (212) obtamed full motility of stallion , semen 
after d.luUon m 4% glycine egg J oik and stored at 4 C Jc t ^ 

found that undiluted semen stored in the dark and kept a 
thebest method of storage Schuller Barhosa (228 eons.dered that 
the maximum period of storage was 72 hours for fertile s™'” ^ 

Gerdes (96) considered that saline or egg yolk diluents 
satisfactory for stalhon semen and recommended a scrum glucose 
with streptomycin added Schindler (222) also considered serum g 
cose the best diluent 


D Dilution and Storage of Boar Semen 
The storage of boar semen is complicated by the fact that in ^ 
fractionated form it behaves differently from whole semen ( - J 
Whole semen cooled to 15°C wall give satisfactory motility on stora & 
provided sufficient time following rew arming is allowed for the spe 
to become active again This lag period may be as much as an hoi 
or more , . « 

If the temperature of whole semen is reduced to that at which h 
semen is stored (4-5°C ) a large proportion of the sperm do not sur 
vi\e This is in contrast to what happens to fracbonated semen where 
cooling has a much less drastac effect and good reco\enes of motility 
can be obtained after se\ eral days storage at this temperature 

Roy (212) has shown that boar semen like that of the stalhon wtI 
store well in yolk glycine Polge (192) considers that yolk glycine and 
yolk glucose are equally superior to yolk phosphate or y olk-citrate In 
contrast to Aamdal and Hogset (3) he considered yolk citrate to be the 
least satisfactory of the diluents tried 

Milk has also been used as a diluent for boar semen (63) and fer 
blity studies in relation to semen volumes inseminated earned out 
The effect of removal of the gel from boar semen on fertility results 
was studied by Polge and Row son (191a) who freeze dried the gel 
and reincorporated it in the diluent No change in ferblity w as obsen ed 
The same authors were able to demonstrate an improved fertility by 
the addition of antibiotics to boar semen Nobuyuki et al (180) re 
ported a similar effect on motility 

The minimum number of sperm necessary for normal fertility m 
the boar is not yet known with any accuracy As the problem is com 
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plicated by litter size, a considerable amount of work will be necessary 
to determine this. Polge (192), however, obtained no pregnancies in 
23 sows following insemination of sperm numbering from 1.1 to 3.0 
X 10°, using 2% glycine, and 30% yolk diluent. Wiggins ef al. (25T) 
inseminated 46 gilts with 0.01 to 20 ml. semen diluted in 50 ml. with a 
modified Krebs solution and 50 sows with 1 to 50 ml. semen diluted to 
either 50 or 250 ml. Doses of 0.1 ml. gave 29% fertility and 20 mb 
gave 91% at the 50 ml. volume. In the sows 42% fertility was obtained 
with 1 ml. diluted to 50 ml. which was very little below the fertility ob- 
tained with 20 ml. in 50 or 250 ml. diluent. With 50 ml. diluted to 250 
mb the fertility was 67%. 

The problem of obtaining large-scale data on boar semen is com- 
plicated by the fact that under field conditions the difficulty of recog- 
nizing the onset of estrus and consequently estimating ovulation time 
is very great. As many breeders are unable to do this with accuracy, 
field results have been poor and often meaningless for comparative 
purposes. On the other hand, where the onset has been detected by A 
boar, results in both field and experimental work have been good. 

In practice the gel is removed immediately after collection by strain- 
ing through fine gauze and the semen then diluted at about 25° C. with 
a solution of 2% glycine or glucose in water with egg yolk added to 
30%. Antibiotics are included at the same levels as with bull semen* 
It is then stored at 12 to 15° C. and is used by some centers on both th£ 
first and second day after collection. The dilution rate does not usually 
exceed 1:10 and a dosage of 100 to 150 ml. is commonly used. 

Results obtained in the field have in general been poor in Britain 
(191a); this has been confirmed by workers in other parts of the coum 
try. Similarly, Coronel (51) only obtained a 24% conception rat<? 
in the Philippines. 

In contrast, Russian, Japanese, and Scandinavian workers have Ob'- 
tamed very much better results. This may be due to the greater ex- 
pcricnce of pig keepers in these countries in the detection of the onset of 
estrus which appears to be vital for good results. Reference to the work 
of the following authors may be of value in this problem (3, 4, 97, 147, 
167, 177, 196, 253, 257). 

E. Dilution ami Storage of Ram Semen 

A number of diluents have been tried with ram semen, including 
\olk*citrate and phosphate, milk in its various forms, yolk-glycine, and 
in some cases with the addition of glycerol. 

Insemination of owes using milk as the diluent for the ram semen 
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has been earned out by Mies Mho and Do Almeida Ramos (W4), 
Fibmon et al (85), and Istvan (119) Dauzier (57) obtained fertilities 
of from 6 to 25% when the semen was stored for 12 to ~4 hours * 
24°C in citrate, yolk citrate, yolk-phosphate, or undiluted, but \\i 
heat treated cows’ milk he obtained 51% conception rate after 
hours’ storage, when antibiotics were added, 65% 

Galkin (94) stored at a lower temperature, 0 to — 8°C in >° ' 
glucose citrate containing glycerol He obtained a 69 conception ra e 
after 2 days’ storage at 0°C and 30 % after 5 days At —8°C concep- 
tion rates were 45% after 5 days and 43% after 10 days’ storage These 
figures are surprisingly high as most workers, although obtaining g 00 
motility on storage, have reported poor fertility results even after shor 
periods of storage Baudet ct al (16), Dauzier et al (56), Roy et a 
(213), and Ahmed (9) obtained very much better motilities on ram 
semen stored m yolk glycine than in yolk citrate, but fertility was not 
compared , 

Dauzier et al (56) studied motility of ram semen in yolk citrate an 
milk diluents and obtained best motilities on storage in 25% yolk tn 3% 
citrate Fertility was, however, low with citrate dilutors unless used 
within 2 hours of collection 

Istvan (119) compared fertility using boiled cows’ milk, yolk citrate 
glucose, and undiluted semen Fertility results were 75 5, 63 2, and 
63 5% , respectively Carbonero (49) also obtained good fertility on very 
large numbers of sheep He used a diluent containing NaCl and NaOH 
and found an optimum dilution rate of 1 5 Other diluents gave less 
satisfactory results 

Koger (135) found a negative correlation between dilution rates 
and penod of motility, but dilution in yolk phosphate and yolk citrate 
gave better results than yolk added directly to semen or to physiological 
saline Storage in either yolk phosphate or citrate did, however, give 
decreased fertility 

Yoshioka et al (265), using a diluent containing boric acid, obtained 
pregnancies following 144 hours of storage and for 168 hours m a 3% 
sodium citrate soluhon containing 0 3% sodium sulfamerazine and 0 2% 
homosulfamide Studies on ram semen and its use for A I have also 
been made by Robinson (195), Filimon et al (85), and Kardymowicz 
(130) 


F Dilution and Storage of Dog Semen 
Much of the semen which has been used for insemination in dogs 
has been in undiluted form but Brochart and Coulomb (41) investigated 
sperm motility and storage in various concentrations of egg yolk citrate 
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They found that 2 7% was best and that this gave 50% motility after 
storage for 4 days A solution of isotonic fructose gave equally good 
results 

Harrop (107, 108) used heat-treated pasteurized milk for diluting 
dog semen and found this gave good survival at 4° C for several days 
Four milliliters of semen diluted 1 8 and stored for 100 hours resulted 
in a pregnancy with 2 offspring The same author (110) carried out a 
transatlantic shipment of 7 samples of dog semen Five of the 7 samples 
were used, resulting in 1 pregnancy with 5 offspring The semen used 
in this case was 140 hours old but still showed 30% motility 

IV Evaluation of Semen 

Wlnle it is relatively simple to detect samples of semen showing gross 
abnormalities or a high percentage of dead spermatozoa by examination 
under the microscope the difficulty becomes greater as the gap between 
what is considered normal and abnormal decreases Microscopic ex- 
amination is, moreover, a very subjective and unreliable method of 
assessment In view of this a considerable amount of work has been 
earned out on more accurate methods of semen evaluation m relation 
to fertility 

These investigations have included studies on sperm counts, motility, 
lnc-dead percentages, storage ability' under diffenng conditions, re- 
sistance to temperature shock, rate of fructolysis, methylene blue re- 
duction time, pH changes, hyaluromdase content, rcazunn reduction 
time, impedance change frequency, light-reflecting capacity, and oxy- 
gen uptake 

Sperm counts are now usually carried out using an absorbtiomctcr 
rather than the hemocytomcter method or that suggested b) K) aw 
(111) where Brown’s tubes were used Studies on the measurement of 
sperm densities using the electric colorimeter were made by Tnckcn 
(242) and Dc Wncl ct al (GO) 

Accurate methods of measuring motiht) w ere dc\ iscd by Bothschild 
(202) using slow cinematograph) and by Bosselanr and Spronk (31) 
using a photomultiplier behind an aperture across winch sperm swam, 
but these findings were not related to fertility 

The detection of live and dead spermatozoa has been investigated b) 
mam workers (21, 15, 18, SI, 10G, 193a, 193b, 225, 23S) Most workers 
have used cosin as the basts of their work with nigrosin ns a back- 
ground stain, these techniques have been used for both Itve-dc id studies 
and for general morphological examinations 

Thrrc is a considerable bod) of evielcncc that as morphological nb 
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normalities increase fertility decrease Two worthy of special at- 
oratory tests in relation to fertility P ‘ y j 0 f Buckner et al 
tention These are the work of Bishop et a (21 and « ^ ^ semen 
(44) The former group of workers ; studied to JT ^ ^ fructose an d 
volume, concentration, incidence dead ab - j reduction 

fructolysis, resistance to temperature shock, ™thylene blu- 
time, oxygen uptake, visual motility and impedance ' " ™ n S sh between 

Correlations were small but there was an 

fertility and the mcidence of dead sperm and was also 

tween fertility and impedance change frequency f ru ctol- 

some evidence of relationship to temperature shock resista 
ysis, age of bull, and methylene blue reduction time condl 

The second group of workers studied motilities und pH 

tions of storage, including incubation at 4n and 37 C du g ^ ^ 
changes were measured The work also included y hons 

duction tunes and mobhties in 37* aqueous an.hne blue Correm^ 
were again only slight and mainly between bulls rather th 

samples Cummings (53a) andErbctel (81) also inveshgated labora^ 

tory tests for assessing fertility and the interrelationship 

Following the discovery by Mann (159) that fructose ' v “ a 

the sperm sugar and his suggestion that a fructolysis index mlg • 
method of assessing fertility (160), a considerable amount ot 
has been carried out to investigate this possibility Gassner ani a 
(95) found a definite relationship between fructolysis and ferbhy 1 an 
rose (170), however, could only find correlations in 3 of 8 bulls i 
experiment involving 29 samples Rollinson (197) obtained a higher r. 
of fructolysis initially in infertile bulls but this fell off rapidly a or ^ 
first hour Cupps et al (54) were also unable to show any strong c0 
relations between fructolysis and fertility 

Erb et al (82), in a study on various factors affecting motility, co 
sidered that the reazurin reduction time with uniform sperm concen 
tration gave most promise , 

Anderson (14) m a study of pH changes on incubation sugg® s 
that high changes tended to go with high fertility Liebenberg (1 
found some relationship of sperm concentration to fertility 

The possibility that hyaluromdase concentrations in semen might e 
related to fertility was investigated by Jacquet et al (121, 122) It was 
claimed that there was a positive relationship with fertility A metn 
of assessing concentrations, using intradermal injections of the semen 
plus India ink and measuring the extent of dispersal of the ink, was 
suggested 
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Lindahl et cil (152), studying the light-reflecting capacity of sperm, 
found a relationship between this and fertility 

Melrose and Terner (172) suggested that the respiratory response 
to pyruvate and pyruvate plus DNP (dimtrophenol) was related to 
fertility 

A nonsubjective method of measuring activity of semen Ins been 
devised by Rothschild (199, 200, 201) m which the frequency of 
changes in resistance to a small current passed through the sperm is 
counted and the counts per minute related to fertility The work of 
Bishop et al (21), who studied this method of assessment, indicated a 
direct relationship between impedance change frequency and fertility 
Cummings (53a) also carried out an extensive investigation on the 
relationship of impedance change frequency to fertility involving over 
35 000 first services and compared the results with those obtained bv 
other methods of evaluation 

The outcome of all these investigations is that there is no single test 
or even combination of tests which will always provide highly significant 
correlations with fertility between semen samples when these samples are 
within normal limits 


V Deep Freezing of Semen 

The history of the freezing of semen up to 1952 his been reviewed 
by Polgc and Parhcs (189) 

An enormous amount of research involving attempts to freeze semen 
from all the domestic animals has been carried out during the last 5 
years In general the outcome of this reseirch has been to improve 
the knowledge and methods of freezing bull semen but Ins revealed 
great differences between species 

Investigations (83, 153, 154, 155) into the principles of deep freezing 
and into the causes of damage during the process of freezing and thaw- 
ing have been earned out since the review by Polgc and Parhcs (189) 
These investigations have revealed that the mam damage to semen oc- 
curs between — 15 and — 40°C and is due to damage from electrolyte 
concentration during the process of the gradu \1 freezing out of vv ater 
as icc Even m the presence of glycerol some degree of damage ind 
dc ith to sperm occurs during tins pli ise the present technique for the 
freezing of hull semen Is designed at striking a h dance betw et n tem- 
perature shock from too rapid cooling uul the d image which occurs 
from clettrolv te concentration if the semen Is left too long within tin 
danger tempt ratnres (20S) 

Using npid cooling techniques which in effective for fowl sperm i 
tnzoa. Smith and Polgc (231) found tint few bull <pt nnito/oi stir- 
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vived this treatment In contrast to the fowl, it is not neees *”y 
remove the glycerol prior to insemination in order to maintain tern y 
of bull semen It is unfortunate that the temperature shock eneci 
so pronounced in bull semen, otherwise, the time interval during "t" cn 
the spermatozoa has to be subjected to the effect of electrolyte con 
central] on could be drastically reduced 

It is of interest that frozen blood corpuscles gradually sedimen 
through the ice channels if the tube containing the frozen blood is e 
standing vertically for several months This factor ma) throw some 
light on the fact that the percentage of viable spermatozoa appears o 
be gradually reduced on prolonged storage (40, 69, 208 ) 

The writer stored a 15 ml tube of frozen blood cells for 3 y ears at 
—20° C , not only did the red cells gradually sediment, as noticed y 
Sloviter, but after about 18 months the glycerol itself formed a layer at 
the bottom of the tube It is quite possible that a similar but muc 
slower process takes place at — 79° C and that spermatozoa and glycero 
tend to concentrate at the bottom of the ampoule w ith disastrous results 
If such is the case, it would, therefore, appear that storage below the 
solidification temperature of gl)cerol would be more effective for long 
term preservation of semen 

A Freezing of Bull Semen 

1 Method 

The technique of freezing bull semen, although subject to many 
modifications, is in general as follows 

After collection and examination the semen is diluted, with what 
ever semen diluent is chosen to half the final dilution It is then cooled 
to 5°C for about 6 hours and an equal volume of diluent, previousl) 
cooled to 5°C and containing 20% glycerol, is added slowly to the 
semen mixture (taking about 1 hour to complete the addition) The 
mixture is left for a further 18 hours at 5°C , ampouled at the same 
temperature, and transferred to an alcohol bath at 5°C The tempera 
ture of the alcohol hath is then reduced by the addition of dry ice or b) 
mechanical means at die rate of 1° per 2 minutes from 4-5°C to — 10 e C 
and thereafter at the rate of 3 to 4° per minute to — 79° C-, when the 
ampoules are transferred to the permanent store 

2 Optimum Glycerol Concentration 

Polge ct al (18S) had originally suggested a final glvcerol con 
centrahon of 157<> but this was later modified Polge and Rowson (191) 

Miller and Van Demark (175) found an optimum le\el based on 
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motility of 6 to 8% with poorer recovery using concentrations of 2, 4, 

10 , 12 %. 

The same authors (176) reported better recoveries using 7% glycerol 
added to the diluted semen at 5°C. than added at 10 and 15° C. It was 
also found that better recoveries followed the addition of the glycerol 
in portions at time intervals instead of all at once. 

Cragle and Myers (52) found that a glycerol concentration of 4.5 
to 8% gave best recoveries after thawing. They also noted, by variation 
of the levels of glycerol and of sodium citrate in the diluent, that there 
was an interaction between the two and that excessive damage could 
be induced by raising the levels of both together. 

Saroff and Mixner (220, 221) divided the egg yolk portion of the 
mixture so that both the initial diluent and the glycerol-containing 
portion contained yolk. The levels of yolk tried were from 15 to 30% 
and of glycerol from 5 to 9%. They found an interaction between the 
levels of glycerol and egg yolk affecting the survival of spermatozoa 
after freezing and thawing. The optimum glycerol and yolk levels were 
7 and 20%, respectively. Erickson et al. (83) showed that 7% glycerol 
and 2.9% citrate gave best recoveries while Graham and Marion (99) 
obtained best results with 10% glycerol of levels tried from 10 to 20%. 
Jones et al. (127) also found 7% better than either 10 or 15%. 

Other work on this problem has been carried out by numerous in- 
vestigators ( 26, 27, 43, 69, 102, 133, 182, 183, 223 ) . 

3. Equilibration 

lu the initial experiments carried out by Polge and Rowsou (190, 
191) an equilibration time of 18 hours was suggested. This had the 
disadvantage that the semen was of necessity 24 hours old before it 
could be used with the consequent drop in fertility that is known to 
occur after this period of storage of liquid semen. This factor should 
always be considered when one is comparing results between fresh and 
frozen semen. Consequently, many workers have carried out investiga- 
tions as to how tills time factor could be reduced. 

White ct al. (255) and Emmcns and Blacksliaw (23, 24, 79) con- 
sidered that equilibration was not necessary at nil if the diluent con- 
tained nrabinose, but the latter authors in 1933 indicated that non- 
equi libra ted semen gave lower fertility results. Many of the conflicting 
results obtained on equilibration may possibly be explained by the age 
of the semen at the time of glycerol addition. In general the greater the 
age the less time it takes for glycerol penetration and equilibration. 

Ollier workers (52, 60, 222) suggest a reduced equilibration time of 
from 5 to 10 hours, the first authors giving the optimum time as 14.9 
hours. 
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O’Dell and Almquist (182) could find no difference m motility of 
semen equilibrated for half an hour or 18 hours, they also sugges e 
that if heat treated slam milk was used as the dilutor equilibration i 
could he safely shortened (182) O’Dell and Hurst (184) reported that 
in yolk /citrate and skim milk equilibration was not necessary an > 
recoveries were better after immediate freezing than after 18 ours 


equilibration j 

Van Demark and Kmnej (247), and Elliot et al ( <8) suppor 
the work of Emmens and Blackshavv in showing that in the presence 
of arabinose, fructose, and glucose, freezing can be earned out equ ) 
well without equilibration, Bratton et al (39) preferred an equilibration 
period of 12 hours Graham et al (100) also found that an equilibration 
time of 12 hours gave better results than shorter penods The work o 
Saroff and Msxner (220, 221) and Mixner (178) studied the effect ot 
various levels of egg yolk glycerol over ranges of equilibration from - 
to 18 hours, the last penod giving the best motilities 

It is obvious that there is a considerable amount of conflicting evi 
dence on the necessity, or otherwise, of equilibration but the tendenc) 
is for some reduction of the original equilibration penod of 18 hours in 
order that semen may be frozen on the same day on which it was col 
lected 

It is often more convenient to obtain equilibration by dial) sis but 
in such cases the gl) cerol containing fraction should only differ from the 
original diluent by the presence of gl) cerol itself This technique of 
dial) sis through cellophane obviates the necessity of fractional addition 
of the gl)cerol-containmg portion of the diluent and is moreover a 
more ph)siological process 


4 Effects of Sulfonamides and Antibiotics on Frozen Semen 
The addition of penicillin, streptomycin and sulfonamide at the lev el 
usually used m liquid semen was found to be toxic to sperm on freezing 
(66, 67) and reduced the conception rate by 42% at 60 to 90 da)s 
Erickson ct al (83) found that the addition of 500 units of both 
pemcillm and streptom) cm to either )olk or milk diluents had no ill 
effects on the subsequent recover) of sperm after freezing Conse 
qucnll) sulfonamide is not included m diluents for freezing 

5 Disease Organisms and Freezing 

MacPhcrson and Fish (157) showed that many bacteria survived 
freezing in bovine serum, including Brucella abortus, Conjnebactcnum 
pyogenes. Vibrio fetus, and Listcna monocytogenes 

Similar!), Bruce (42) reported that Vibrio fetus could be recov ered 
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following freezing with or without the addition of 500 units streptomycin 
per milliliter, provided the antibiotic was removed on thawing and prior 
to holding at body temperature. 

Fulton and Smith (93) reported that Entamoeba hystohjtica also 
survived freezing in the presence of glycerol. 

The effect of freezing on Trichomonas foetus has also been studied 
by several workers. Joyner (128) reported that the organisms were 
completely destroyed by the addition of 10% glycerol and subsequent 
freezing and recommends this as a method of eliminating the organism 
from infected semen. 

McWade and Williams (168), on the other hand, recovered the or- 
ganism alive from milk dilutors after freezing, both with and without 
the addition of glycerol. Similarly, Blackshaw and Beattie (25) also 
recovered T. foetus following freezing in 10% glycerol but in the ab- 
sence of egg yolk. Leidl and Malirla (148) also recovered the organism 
following freezing. 

Rowson (208), repeating Joyners work, was able to recover the 
organism alive after freezing in yolk-citrate and also in milk either with 
or without the addition of glycerol although the vast majority of or- 
ganisms was destroyed. 

6. Freezing in Various Diluents and with the Addition of Various 
Sugars 

A great deal of research on the value of sugars in the technique of 
freezing of semen has been carried out by Emmens and his colleagues 
in Australia. Emmens and Blackshaw (79) reported on the addition of 
1.25% arabinosc, rliamnose, and xylose to ram semen using 7.5 to 10% 
glycerol and obtained excellent motility results on thawing. The same 
authors (24, 79, SO) reported that with the addition of arabinosc equi- 
libration was not necessary. 

Elliott ct ah (78) found that the addition of 1.25% fructose gave 
tetter motility on thawing when no equilibration time had been allowed 
hut they found xylose and arabinosc less effective. 

Similarly, Hah and Elliott (103) found fructose at 1% weight for 
volume gave slightly better results than glucose nrnl xylose, although in 
all cases there was little improvement in motility by any of these addi- 
tions, 

7. Storage Containers owl Temperature Control 
Tile temperature of solid carbon dioxide, — 79*C., is not sufficiently 
telmv the level which is known to give unsatisfactory storage over long 
periods to use storage cabinets which allow any great degree of tem- 
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perature variation Tor this reason, storage containers relyi g 
as the method of conductivity are not satisfactory 

A far better method is for the storage cabinet to be ffllcd 
cohol into which both solid C0 2 and the ampoules of scmen are 
mersed The large bulk of alcohol then acts as a buffer of 

temperature when the cabinet is opened Furthermore, if t ^ 

trays containing the ampoules of semen are covered with 
possible to remove and examine the contents of the hays " 
on the top of these racks but still below the surface of the alcohol 
Provided such stores always contain some solid carbon dioxi e 
bubbles of gas given off wdl keep the alcohol in circulation anur 
differences in temperature m various parts of the cabinet are e\ 

small ist 

Mechanically refrigerated cabinets kept at a lower temperature m 
inevitably be more satisfactory as there is every indication that tor B 
periods of storage a temperature below — 79° C is desirable ( > 

208) 


8 Storage tn Liquid Nitrogen 

Storage at — 193°C has obvious advantages so far as the 
is concerned but involves extremely difficult insulation problems par- 
ticularly where the store has to be opened repeatedly The typ e ° 
sulation used for dry ice cabinets is inadequate and it is necessary 
to use some form of Dewar flask. To give satisfactory insulation 1 ^ 
openings of such flasks must be as small as possible, this again invo ve 
great difficulties in the actual storage and handling of the ampo os 
within the flask These problems have not yet been satisfactorily solve 
but possibly the best arrangement would be a Dewar with an eccentric 
top opening and a revolving door type of fitting inside The ampou 
could then be stored in vertical tubes lowered into sections of the re 
volving door Such an arrangement would allow ready access to a 
tubes which could be cap labeled for identification 

Liquid oxygen should never be used as a storage agent as there is 
a very real danger of explosions occurring 


9 Fertility of Frozen Semen 

An enormous literature on the fertility of bull semen has been built 
up over the last 7 years in which many workers have been unable to 
find any difference in fertility between fresh and frozen semen, although 
the indications of most workers are that there is a slight fall in con 
ceptton rate of the order of 5 to 8^6 where frozen semen is used. This 
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fall may be influenced by the factor of the time of storage. As has al- 
ready been indicated, some workers (40, 69, 208) have found a fall in 
the numbers of viable sperm on prolonged storage. 

Fertility results on semen stored for 2 years have been reported 
by MacPherson (158). Bruce (42) reported a fall of 4% from sperm 
used shortly after freezing compared with the same samples used 12 
months later. 

Rowson and Polge (209) reported no loss in fertility on a period of 
12 months’ storage although only 16 cows per month were inseminated. 

Similarly Rowson (208) reported on fertility following storage for 
up to 4*4 years on 18 cows with a conception rate of 66.6%. It is ex- 
tremely likely that the storage methods and the marginal temperature 
of storage, — 79 °C., are responsible for the variation in conception rate 
reported by many workers (39, 66, 67, 69a, 78, 111, 233). It may also be 
for the same reason that better results have been reported by storage 
in liquid nitrogen or by mechanical means at temperatures below 
— 79°C. than in dry ice (84). 

B. Freezing of Stallion Semen 

Very little work has been carried out on the freezing of stallion 
semen but Baker and Gandier (15) report the birth of a foal following 
insemination with epididymal semen which had been frozen in pasteur- 
ized, homogenized, whole milk. 

Szumowski (240) reports motilities of 50% in stallion semen stored 
for 4 months following freezing in a yolk-glucose-streptomycin diluent. 

Using a 4% glycine-yolk diluent Roy (212) claimed 60 to 70% re- 
covery of motility following freezing for 24 hours. 

Ujinskaja (118) obtained recoveries as high as 80 to 100% motile 
sperm following freezing in yolk-glucose-glycerol. 

C. Freezing of Boar Semen 

The addition of glycerol to boar semen appears to have an adverse 
efleet on fertility even without freezing; all efforts to develop a satis- 
factory deep-freezing technique with semen from this species have 
failed. By shortening the equilibration period to 1 or 2 hours it has 
been possible to obtain some motile sperms following freezing and 
thawing, but their motility on thawing is extremely poor and so far as 
is known no pregnancies have followed the use of deep-frozen semen. 
I’olgc (192) described a technique for freezing boar semen but ob- 
tained no pregnancies from 35 inseminations with frozen semen. 
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D freezing of Ram Semen 
The deep freezing of ram semen has been earned out by 
ers (26, 27, 79, 98, 165, 241, 236). The sperm of ' P r ^! rte d by 
readily and excellent recoveries of motility liave b P 

Emmens and Bkchshaw (79) and Marbovc been poor 

Fertility results using frozen ram semen have, ’ of 31 rfc 

(80), but Graca (98) was able to obtain a concep 0 f 30 

while Kuznetsov (140) obtained 33 5% on 51. ewes a 8 ^ fal , 

to 50 days As the fertility rate of liquid ram semen is ues )S 

off rapidly on storage a split-sample trial of the tw <1 

desirable 

VI Freeze-Drying or Semen 
A Experimental Results 

Freeze drying of living organisms, notably bacteria, has '°”S 
known as a method of preservation at room temperature bu 
advent of the deep-freezing technique the possibility of app > b 
method to spermatozoa seemed remote Leidl (149) freeze n 
semen following freezing to the temperature of — 79°C , a ‘ ter r ^’’ ^ 

4 to 5 days reconstitution showed only a few spermatozoa to e a 
Similarly Bialy and Smith (18) reported very poor recoveries « 
freeze drying only a few sperm showing any degree of motility 
tain amount of work on freeze-drying of human spermatozoa ias 
carried out, again with poor results (229) 


B Degree of Dehydration 

Bilhngham and Medawar (20) have shown that the skin from a rab 
hit’s ear is destroyed if freeze dried below a final water content o 
and Sherman (229) predicted a tolerance of only 26% dehydration 
human spermatozoa for survival At the moment freeze drying of seme 
has not reached a stage where its practical application is in sight 
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I Introduction 

Artificial insemination (A I ) involves the placement of semen m the 
female reproductive system by mechanical means rather than by natural 
mating Its success is determined to a large extent by mans knowledge 
and skill As pointed out by Milo\ anov and Sokolovskaya (70), “Arti 
ficnl insemination constitutes deliberate interference with the sexual 
reproduction of animals for the purpose of rapidly improxing the 
qualitx of herds’ The following discussion is concerned only with the 
techniques of inseminating the fun ile and does not include the genetic 
implications of A I in livestock improvement which have been reviewed 
by Robertson (89) Before describing the detailed procedures commonlv 
used in domestic nnimals a few general comments merit consideration 
Important factors related to successful insemination of the female 
include the following 
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1 Knowledge o£ the care and handling of semen 

2 Knowledge of the anatomy and physiology' of the tern 

ducU ve ^) W ied g e ot the ca re of equipment and the sanitary 
necessary to prevent infection and the spread o£ d ““ t ^carried 

sterile mstruments should he used and insemina i matena l 

out without contaminating the genital organs with feca 
4 Adequate training and experience of the technician ( 

If A I is to achieve its principal advantage, that of exten ding * 
usefulness of superior sues, the number of spermatozoa requucap^ 
insemination must be less than in natural mating n concen trated 
copulation is rapid and a relatively small volume of hig V d „ 

semen is ejaculated In horses and swine, copulation is prolong 
accompanied by ejaculation of a comparatively large volume 
with relatively low sperm concentration Tlius, in the cow ^ 

the primary objective is to determine the minimum number 1 
required per insemination, while in the sow and mare, bot i vo u 
sperm numbers must he considered Only in cattle has t ere . 
sufficient research to show clearly the extent to which semen c 


diluted without impairing fertility 

While the use of good quality semen by a shilled technician ^ 
portant, the proper timing of insemination in the estrous cycle is a 
factor in obtaining good fertihty results Because of the relatively Umi 
fertile period of the gametes best results are obtained when insemin 
tion precedes ovulation by a few hours Since ovulation time usua > 
cannot be determined precisely, the period selected for insemination 
based on the time the female first shows signs of estrus Thus, ear y» 
accurate detection of estrus is imperative 

Another factor of much importance is the correct placement of semen 
in the reproductive organs Considerable species variation in placem 
is encountered in natural breeding In the cow and ewe, the ma 
deposits semen in the anterior portion of the vagina during copulation, 
whereas in the sow and mare, semen is deposited in the cervix or uterus 
Thus, m the cow and ewe, the site of semen deposition can he irn 
proved by penetration beyond the vagina 

The techniques of insemination are well established for cattle but 
knowledge available for other domestic animals is rather limited Be 
lated to the decline m numbers of horses, the use of A I in this species 
has not become widespread m most countries How ever, with sheep an 
particularly swine, there is an increasing awareness of the advantages 
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offered by A I More intensive research is needed to further the applica- 
tion of A I m these species 

II Cow 

As a result of extensive research and of experience gained from the 
Wide application of artificial insemination of cattle, fertility reports gen 
erally show results equal to those obtained from natural service Future 
progress m improving breeding efficiency appears to be closely related 
to two important factors The first involves education in improvement of 
breedmg management practices, and the second concerns research on 
methods for the prevention and treatment of infertility (74) 

The same insemination techniques are used for both beef and dairy 
cattle, but several practical difficulties are encountered with range cattle 
Range cattle usually are not as closely supervised as dairy cattle and ob- 
servations indicate that estrus may be somewhat shorter than in the 
dairy breeds (59) Thus, estrus is more difficult to detect and can be 
easily missed Coralling at night or maintaining the breeding cows at 
a convenient location during the breeding season have been used 
successfully to overcome these problems (110, 118) 

A Methods of Insemination 

Two major methods of insemination have been used with cattle The 
older speculum method consists of inserting a glass or metal speculum 
into the vagina and locating the cervix with the aid of a light source 
This method permits semen deposition only into the postenor portion 
of the cervical canal The rectovaginal or cervical fixation technique m- 
xolvcs manunl manipulation of the cenix via the rectum and permits 
semen deposition deeper into the cervix or into the uterus Since World 
War II, the most significant advances ha\c been the almost universal 
replacement of the speculum method bv the rcctov agmal technique and 
the gradual change from glass equipment to single service, disposable, 
plastic insemination equipment The speculum method is still used 
extensively in Russia (79) and in some pmatc herd A I operations in 
other countries 

Tor best fertility results and most efficient use of semen, the in- 
semination method must permit penetration and deposition of semtn 
bejond the vagina While the speculum method deposits semen 1 to 3 
cm into the cervical canil in most cows, fertihtv results arc consistently 
better with the rectos \ginal technique, m which semen can be dcpositi d 
deeper into the cenix or into the uterus VanDeinarh (113) sum 
manned fcrtffitv data gathered In four different investigators in which 
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the two insemination techniques were compared Tlic recto vagin a 
technique resulted m fertility averaging 97 percentage units higher than 
the speculum method A subsequent large scale trial by Hendnkse an 
Van Der Kaay (46) showed a conception rate 12 3 percentage units 
higher for the rectovaginal technique The rectovaginal technique a so 
is faster and requires less equipment 

The equipment for the rectovaginal technique consists of an in- 



commonW , ° f , ff™ nat,on ^qurpment and two sites of semen deposit 

Smvnanon TT (A) Utenoe bod y de P° s ‘^n of semen using a glass m 

i ' V R SS ^ ge (B) ^deersncal deposition of semen using * 

plastic insemination tube and plastic bulb ‘ 
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seminating tube (5-6 mm. outside diameter, 40 cm. long) and syringe. 
Before the development of plastic equipment, a nonsliatterable glass 
tube attached to a 2-ml. glass syringe by a short rubber connector was 
commonly used (Fig. 1A). Inexpensive plastic inseminating tubes 
which can be connected directly to plastic bulbs are now preferred by 
most technicians in the United States (Fig. IB). Plastic tubes are less 
apt to break and can be discarded after use. Small rubber bulbs which 
can be used and discarded or sterilized for re-use also are available. 

The stepwise procedure for insemination by the rectovaginal tech- 
nique is as follows: (a) Put on clean rubber or plastic glove and sleeve; 
(b) connect sterile inseminating tube to syringe or bulb and draw in 
1 ml. of semen; (c) place tube in a horizontal position with the portion 
near the syringe end in the technician’s mouth; (d) lubricate glove and 
sleeve with soap and water; (e) insert arm gently into rectum and 
remove feces; (f) clean exterior of vulva and surrounding area with 
fresh paper towel or cotton; (g) dilate lips of vulva by exerting slight 
downward pressure of the forearm in the rectum or by downward and 
backward pressure with the fingers just inside the anus; (h) clean in- 
side edges of lips of vulva with fresh cotton; (i) insert inseminating tube 
as far as possible into the vulva without touching the internal surfaces 
of the vulva; (j) pass tube along the roof of the vagina, thus avoiding 
the urethra, until it reaches the cervix; (k) grasp cervix through rectal 
wall and guide tube into os cervix with aid of thumb and little finger 
around posterior end of cervix; (1) apply gentle pressure on tube and 
manipulate cervix with rotary movements of the wrist until the desired 
extent of penetration is achieved; (m) deposit semen in mideervix or 
uterine body (Fig. 1); (n) remove tube and withdraw gloved arm. 

Excessive force should never be applied to the insemination tube 
as it may result in injury to the reproductive organs. The use of frozen 
semen docs not alter the above procedure, but the semen should not be 
thawed until immediately before its use for insemination. 

B. Sifc of Semen Deposition 

In the early application of the rectovaginal technique of insemina- 
tion, it was common practice to deposit semen in the uterus of the 
cow. Many technicians placed 0.5 ml. of semen about midway in each 
uterine horn. The practice of deep uterine insemination apparently 
resulted from the belief that spermatozoa required several hours to 
ascend the female reproductive tract (14) and that fertility would he 
improved if the semen was placed closer to the site of fertilization. 
Such a concept is questionable in view of the important finding reported 
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in 1951 by VanDemark and Moeller < US ) fthT oviduct in 25 

cervix of tlie cow could reach the ovarian end ot 


“ore 1950, relatively little research had in^ 

nune the optimum site for semen ( appeared comparing 

mque In the next few years a number * * recent ly « 
ddferent sites of semen deposition These p t experim e-‘- 


different sites of semen deposition These rep ^ ^ experiments 
viewed by Emmens and Blackshaw (30) combined 

(54, 76, 80, 96), compared three srto of ^“90 to nonreturns, *««• 
fertihty results, based on the per cent of 60 to 9 y uterus, 

as follows (a) cervix, 047 7 » for 6796 services, (b) body ^ ^ 
65 6 </c for 6603 services, and (c) homs of uterus, 66 7 f bod) 

,ces Stewart and Melrose (105) compared cervical and uteri ■ ^ 

insemination Fertility, as measured by 16 week , “ M6? , for 


irmnation Fertility, as measured by to wee* nui ^ 

was 64 5% for 4279 inseminations into the midcerv was slg 

4554 into the uterine body None of the differences p 

While there was a tendency in most of the studies for 
rather than mtracervical msemmation to give slightly *8 place 

other factors should be considered in the selection o e P s 

for semen deposition One of the most important of these c ^ 

possibility of inducing pregnancy interruption when pregna ^ 

inseminated Donald (23) and Donoho and Rickard (24) tom ^ 
3 to of pregnant cows showed estrus and that the mci j # 
lughest during the first 3 months of pregnancy VanDemark ^ 
workers (116) demonstrated that intrauterine deposition ot sem ^ 
out antibiotics into pregnant cows caused pregnancy interrup i ^ 
that mtracervical msemmation permitted pregnancy to continu ^ 
mally Addition of pemcillin and streptomycin to semen reduC „ 
number of pregnancy interruptions resulting from intrauterine ms ^ 
tion Similar results were reported in a small scale expernne 
Stewart and Melrose (105) and in an extensive trial by Tanabe ^ 
(106) The latter workers found that pregnancy interruption was re ^ 
to bacterial infection of the uterus rather than to some mechamca & 
Pregnancy interruption occurred in only one of 24 animals after p® 
of an insemination tube devoid of semen into the uterine body, '' 
large numbers and heterogeneous types of bacteria were found m 
uterus of the majority of cows slaughtered 6 to 15 days after intrau e 
insemination with semen devoid of antibiotics Few or no bacteria 
found in the uterus of most cows inseminated with semen contain 
antibiotics 
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Another factor in choosing the site of semen deposition concerns 
the problem of uterine infection. Intrauterine insemination has been 
suggested as a cause of infection (86). Brucellosis was found to be 
more easily transmitted to cows by intrauterine than by intracervical 
insemination with infected semen (66). Uterine trauma also has been 
observed following intrauterine insemination (96). 

From the above investigations it is evident that intracervical in- 
semination is preferable to intrauterine insemination. In routine A.I., 
however, the actual site of semen deposition is not standardized. In the 
United States the two practices in general use are: (a) midcervical de- 
position for all inseminations; (b) deposition of most of the semen in 
the uterine body and the remainder in the midcervix for first service 
cows, and deposition of all of the semen in the midcervix for repeat 
services. 

It is not always possible to pass an insemination tube through the 
cervix; field observations show that this situation is encountered much 
more frequently in heifers (about 10 times) than in cows (32, 75). 
Munro (71) cited 16 cases of cervical constriction, representing 0.1% 
of 16,238 inseminations. Eleven of these cases were in nulliparous 
heifers and were due to a constricted ring of tissue at some point along 
the cervix which prevented passage of the insemination tube (5 mm. 
diameter). A technique for inseminating cows which bypasses the 
cervix has been described by Fechheimer et al. (31). Three of 4 cows 
conceived to first service when semen was deposited directly into the 
uterine horns by puncturing the walls of the rectum and uterus with a 
hypodermic needle. Intraperitoneal insemination, an experimental tech- 
nique, also has resulted in conception when semen was deposited in 
the abdominal cavity by puncturing the vaginal wall (102). Another 
method in which semen was introduced directly into the peritoneal 
cavity by puncturing tlic > abdominal wall in the region of the right para- 
lumbar fossa with a 4-inch needle resulted in one conception among 4 
heifers (64). Austin and Bishop (5) have recently cited the literature 
concerning the use of unconventional methods of insemination in labora- 
tory animals. 

C. Insemination Dose 

Insemination dose has been studied in terms of semen volume, dilu- 
tion rate, ami sperm numbers. 

A volume of 1 ml. of diluted semen per insemination is standard 
practice in most commercial A.l. operations, although a few use ns 
little as Oli ml. or as much as 1.5 ml. Olds ct al. (7G) found no sig- 
nificant difference in fertility when cows were inseminated with 0.25, 
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05 10 or 20 ml of egg yolk ctr-Xe d, luted semen 
24 million sperm per milliliter Thus, different t I >a nous 

were used £ eaeh dosage No fertility comparisons moving « ^ 
volumes of diluted bull semen w.th constant sperm "CuW rovulated 
semination have been reported Using this approach with supem ^ 
rabbits Chang (19) obtained evidence that msemuntmn than 

volume of semen resulted in a higher percentage of fertilized gg 


a large \olume . t w hicb 

Great strides have been made m determining the ex fertility 

bull semen can be diluted without reducing fertility 1 , j ia \e 

trials determining the extent to which bull semen can be di and 

been conducted using a dosage of 1 ml per cow Betw<*n 
1948, Salisbury and co workers (95) reported a series ot y ^ 

showing that semen from high fertility bulls could be < i u 

- - ' to 1 400 when sulfamlam.de was ado 


with egg yolk citrate and up iu j. iw »vt.c« »«»**•*• — rrwested 
to the diluent, without a significant drop in fertility They stigg , 
tliat the minimum number of sperm consistent with optimum 
was between 5 to 10 million per insemination Willett and Larson t - 
. i . v c ^ /i.fforonrR in rerun 1 / 


sled 


was between 5 to 10 million per insemination wineu. <uiu f ' j lt> 

found that although there was a highly significant difference in ' 

for semen diluted at 1 100 and 1 300 this difference was no & 


11 viw mis Q1HCICUW , sam g 

significant when the nonreturn averages were adjusted to ® . j 

’ ' r ^variance On this basis they in 1 


sperm numbers by means of covanance uu u*u - — j - . l0 

that sperm numbers are much more important than dilution e 
influencing fertility at these dilution levels atl0fl 

Progress in defining the minimum number of sperm per msemi ^ 
dose was made through experiments in which bull semen was l ^ ef 
on the basis of predetermined and constant numbers of sperm 
than volume No significant loss in fertility was reported by B ra 
cl al (12) when sperm numbers were reduced from 16 to 4 mi 
Similarly Olds ct al (76) found no significant decrease in fertility '' ^ 
reductions from 48 to 4 million sperm although concentrations o 
million and above tended to give better results Branton and colla o ^ 
tors (11) subsequently recommended that semen should be dilu te 
the basis of numbers of progressively motile sperm Based on 
services they reported no difference in fertility between 6 and 12 m» 
motile sperm per insemination although a significant decrease m 
lty was obtained with 2 million motile sperm A more extensive * er . 
trial involving 12,553 first services was conducted by Bratton et al \ 
to compare motile sperm concentrations of 5 10 and 15 million p 
milliliter Fertility was about equal for the two highest concentratio 
but declined from 709 to 667% 60 to 90 day nonreturns when 1 
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number of motile sperm inseminated was decreased from 10 to 5 million. 
To what extent sperm numbers can be reduced before zero fertility is 
reached is not definitely known, but the level appears to be less than 
one million (17, 121). One report (17) indicated that fertility dropped 
from 15.4% to zero when the number of sperm was lowered from 
200,000 to 150,000 per milliliter. 

In routine A.I. practice in the United States, bull semen is usually 
diluted to contain a minimum of 10 million motile sperm per milliliter. 
A volume of 1 ml. of diluted semen per insemination has been adopted 
generally and, although successful, it appears to be based more on 
the practical difficulty of handling smaller volumes than on research 
clearly showing its superiority over other dosages. 

The relationship of sperm numbers to fertility using frozen semen 
has not been established. Because of the losses in viable sperm during 
freezing and storage, it would seem advisable to increase the number of 
motile sperm per milliliter of diluted semen prior to freezing by at 
least 25 to 35% in order to have approximately 10 million motile sperm 
at the time of insemination. Since the proportion of sperm surviving 
freezing and storage varies widely among bulls, the degree of compensa- 
tion should be based on prior knowledge of the freezability of each bulls 
semen. 

D. Time of Insemination 

The optimum time to inseminate cows during the estrous cycle is 
related to the duration of fertile life of the sperm and the egg and the 
time of ovulation. Ovulation occurs an average of 12 hours after the 
end of estrus. Trimberger (108) inseminated cows and heifers at 
various time intervals before and after ovulation. Ovulation time was 
determined by rectal examination of the ovaries at 2-hour intervals after 
the end of estrus. The best conception rate (79%) was obtained in fe- 
males inseminated between 6 and 24 hours before ovulation. Concep- 
tion rate dropped to 57% for animals inseminated 6 hours or less before 
ovulation and to 53% for those inseminated more than 24 hours before 
ovulation. A very low conception rate of 32% was obtained for females 
inseminated 12 hours or less after ovulation, as compared to the over-all 
average of 69% obtained for those bred at the various intervals before 
ovulation. Barrett (7) inseminated heifers at intervals ranging from 
2.5 to 28 hours after ovulation and found that fertility decreased as the 
interval from ovulation to insemination increased. Two reports (6, 58) 
indicate that conception resulted in about 25% of cows inseminated after 
showing postestrous hemorrhage, which occurs about 48 hours after 
heat terminates. Autrup and Rasbech (6) suggested that success in 
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these cases may be due to delayed ovulation Although ' 

(108) obtained no conceptions following insemination p 

at least one report (117) lias shown that conception could occur 

cows serviced 3 to 24 hours before the start of estrus 

Since ovulation time cannot be accurately predicted, b ™ e ° nl j 
semination must be related to the beginning of estrus Trimberge 
Davis (109) inseminated cows and heifers at various stages t> 
after estrus, the results are shown in Table I 


TABLE 1 

Fertility of Cows Inseminated at Vari ous Times During and 

No of 


Tune of insemination cows 


Start of estrus 

Middle of estrus 40 

Middle of estrus and rebred 24 hours later 25 

End of estrus 40 

6 hours after end of estrus 40 

12 hours after end of estrus 25 

18 hours after end of estrus 25 

24 horns after end of estrus 25 

36 hours after end of estrus 25 

48 hours after end of estrus 25 


After Estrus 
Per cent 
conceptions 


44 0 
82 5 
840 
75 0 
62 5 

320 
28 0 
120 
80 
00 


Thus, best fertility results from single services were obtained w e 
cows were inseminated from the middle to the end of estrus, and reason 
ably good results were obtained up to 6 hours after the end of estrus 
Inseminations later than 6 hours after the end of estrus and insenuna 
tions at the start of estrus gave significantly poorer breeding results 
Field studies of the proper time of insemination have yielded var * a | J ® 
results (Table II) This can be explained partially by die impossibi ty 
of establishing the exact time for the start of estrus and by the differen 
estrual intervals selected for reporting fertility results In the field tria » 
the cows usually were observed for signs of estrus twice daily, whereas in 
the experiment conducted by Tnmberger and Davis (109), the co" s 
expected to come into estrus were observed every two hours 

The practical application of these findings is that cows first noticed 
in estrus in the morning should be inseminated the same day, while those 
first observed in estrus in the afternoon should be inseminated the 
next forenoon (75, 108) Improved fertility has been reported when 
cows were inseminated twice in one estrus with an interval of 10 to 24 
hours between services (51, 79, 109) However, this procedure is not 
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economically practical in commercial A I operations except m special 
cases 

TABLE It 

Insemination Time Based on Observation of Estrus in Cows under Field 
Conditions 


Reference 

No of 

inseminations 

Range result- 
ing in good 
fertility® 

Interval show- 
ing highest 
fertility® 

Barrett (7) 

10,574 

3-25 

3-9 

Bonfert (10) 

2,802 

7-26 

15-18 

Ellenberger and 

534 

0-24 

13-18 

Lohmann (28) 

Patrick and 

5 352 

0-24 

0-24 

Herman (80) 

Uray (111) 

2,822 

4-20 

4-8 

Valera ni (112) 

3,442 

6-30 

13-18 


° Number of hours after estrus was noticed 


HI Ewe and Doe 

The most extensive application of artificial insemination m sheep 
has been on the collective and large state farms of Russia Since 1928, 
when the first experiments were conducted by Ivanov, its use has ex- 
panded until, in 1955, over 28,000,000 ewes were inseminated (57). 
A I of sheep is applied on a much smaller scale in other areas, such 
as Argentina, Australia, Brazil, England, Kenya, South Africa, and 
Uruguay In the United States, it is still in the experimental stage 
Relatively little research has been conducted so that many opportu- 
nities exist to contribute information which would help to establish 
routine A I. of sheep on a firmer basis The major problems include the 
following (a) the generally unsatisfactory fertility results obtained 
with diluted or stored semen, (b) the unpredictability of the number 
of ewes expected in estrus on a given day, and (c) the relatively long 
period of observation and insemination— -3 weeks or more — needed to 
cover all ewes m a flock. (90) The solutions to these problems are being 
sought through research on improved semen diluents, frozen semen, and 
the use of hormones to produce, at will, estrus and ovulation accom- 
panied by a high degree of fertility (for discussion of latter, sec Chapter 
9, Volume I). The use of hormones is of particular importance and, if 
prov en successful, a similar approach would further the application of 
A I in other species 

Because the external signs of estrus m the ewe are weakly expressed 
and therefore difficult to observe, detection of estrus requires the use 
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of a vasectomized ram The teaser ram is painted on the bnsh . 

the rear quarters of estrous ewes arc marked when t cy ar tJje 

Under range conditions more time and labor are requi u | wed 

breeding season to corral, sort, and inseminate ewes than when . 
to mite naturally 



The following discussion of insemination methods also apphes to 
goats A recent Polish review (92) indicates a general neglect of this 
species 


A Methods of Insemination and Site of Semen Deposition 
The speculum method is almost universally used The equipment 
consists of a vaginal speculum light source, insemination tube, an 
syringe An illuminated plastic speculum (15 cm diameter, 15 cm 
long) his been developed to replace glass or metal specula Pyrex gla* 5 
tubing also makes a satisfactory speculum when used m conjunction 
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with a head lamp or flashlight. Various types of tapered inseminating 
tubes (25 cm. long) may be used, the most common being an ordinary 
1-ml. glass pipette attached to a 2-ml. glass syringe by a rubber con- 
nector. Multiple dose pipettes and syringes are especially useful when 
a number of ewes are to be inseminated successively; one recently de- 
veloped in Australia by Robinson (90) is illustrated in Fig. 2. The in- 



Fic, 3. Artificial insemination of the ewe. The ewe is bached against leather 
straps held between posts 28 cm. apart. The technician stands m a pit so that the 
ewe’s vulva is at a convenient level. (Courtesy of Professor T. J. Robinson, Uni- 
versity of Sydney, Australia.) 

seminating syringe is made from a 2-ml. graduated pipette, reduced to 
a length of 21.5 cm., belled out at the wide end and curved at the tip. 
The metal plunger is a piece of electroplated welding flux fitted with a 
rubber piston ring on the distal end. The other end of the plunger is 
notched so that the distance between notches represents deliver)’ of 0.1 
ml, A rubber-cushioned set-screw enables delivery of the desired volume 
of semen. The plastic speculum is illuminated by a G-volt light attach- 
ment (Figs. 2 and 3). Russian workers (78) have developed a semi- 
automatic syringe for delivering very small semen volumes (0.03 ml.). 

For ease of operation, the ewe should be restrained in a raised breed- 
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ing crate or stall so that the vulva is at the eye lev ^ - ^ die tatl . 
or the ewe may be placed across a trestle or J an “ mseinl 

quarters elevated For large scale operations a rap “ d “ P (Flg 3) 

natron procedure has been used m Australia and UmgW ^ S ^ 
Revolving platforms also have been devised and 

oral publications (8, 90, 93) Garcia Mata and Cano (36) shor^q ,1 ? 
meat whereby 120 ewes can be inseminated per hour A S ^ ^ 

the vulva, the lubricated speculum is inserted into | intr0 

cervix located with the aid of a light The inseminating pip ette ^ 

duced through the speculum and the bp mserted into jt ,s 

as possible, usually only about 05 (0&-20) cm In s sen , e n 

impossible to insert the pipette into the cervical canal an 
must be deposited on or near the os cervix or in the anterior g [S 

In some virgin ewes vaginal deposibon is necessary when & „ e 

too small to accommodate the speculum Deep cervical .A 

deposition of semen is difficult or impossible because of the 0 
interlocking annular folds of the cervix . , angs 

In many ewes there is a small appendage, or pap illa » ' j pscn bed 
over and partially blocks the entrance to the cervix Dun ) m 

the anatomical variations of the cervix which could be enc0 “ n ato r 
intracervical insemination and concluded that an experienced P 
could locate the os cervix in 100% of virgin ewes but in only ab(U ' ' e 
of aged ewes Pregnancy and parturition apparently cause an 
in size and complexity of the appendage, but entrance to the ce aD t 
be gained in most cases by passing the pipette ventral to the «o 
projection t in jo 

Although it is generally recommended that semen be deposi e 
the posterior part of the cervical canal, critical experiments on si ^ 
semen deposition are lacking Keast and Morley (52) reported ver) P ^ 
fertility with vaginal insemination as compared to deposition ,n °. t j e 
the cervix However, several reports (3 21, 55, 67) have indicate 
or no difference between vaginal and cervical deposition 


B Insemination Dose 

Further studies with diluted and undiluted semen are needed to 
fine the minimum volume of semen and particularly the minimum n ^ 
ber of sperm per insemination Little progress has been made since ^ 
early Russian reports (4), which generally showed that a minimum 
0 05 ml of fresh undiluted semen and 50 million sperm were , 

for intracervical deposition and 500 million sperm in 1 ml of ° tpS 
semen for vaginal insemination A 1956 Russian publication (77) sta 
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that 0 03 ml of undiluted semen containing 74 million sperm gave equal 
ly satisfactory conception rates (96%) as 0 05 ml with 130 million 
sperm When diluted semen was used {1 1 or 1 2), a dose of 0 05 to 0 1 
ml was recommended, depending upon semen quality The review of 
Emmens and Bladkshaw (30) shows that fertility generally is reduced 
when ram semen diluted more than 1 2 is used In 1957, Sinclair (98) 
found no significant difference m fertility by increasing the volume of 
fresh undiluted semen from 0 1 to 0 4 ml , but data on sperm numbers 
were not given With a relatively small number of ewes, Koger (55) 
found that a minimum of 50 million sperm was required using fresh 
semen to achieve a conception rate of more than 50% There is some 
indication that sperm numbers as low as 5 million can be used fairly 
successfully (8, 67) 

C Time and Number of Inseminations 
Since ovulation occurs near or shortly after the end of estrus, it is 
generally recommended that the optimal time of insemination is during 
the last half of estrus From the variable findings reported m reviews 
(4, 30, 81), however, it is apparent that more precise information is 
needed Phillips and Bennett, as cited by Phillips et al (81), showed 
that insemination 14 to 28 hours after the onset of estrus was superior 
to insemination at the beginning of estrus Under field conditions, one 
report (18) indicates that best fertility is obtained when inseminations 
are made 12 to 18 hours after the onset of estrus Based on Lopirm's 
research, Ozhin (78) reported best conception rates (93%) when ewes 
were inseminated 4 to 20 hours after the start of estrus, fertility de- 
creased to 79% m another group of ewes inseminated early in estrus ( 0 
to 8 hours) On the other hand, a rather wide latitude in insemination 
time during estrus is indicated by several recent reports Koger (55) 
and Sinclair (98) found little difference among conception rates at dif- 
ferent stages of estrus, although the latter author indicates that a decline 
is likely following insemination very late m estrus, as characterized by 
the presence of creamy mucus in the vagina Robinson (90) obtained 
no difference in conception rate between cues inseminated 2 to 15 or 
15 to 27 hours after the onset of estrus 

In practice, ewes can he checked for estrus once or twice daily and 
the proper timing of insemination under both conditions, as carried out 
m Russia, has been described by Ozhin (77) Although checking for 
estrus twice rather than once daily caused more restlessness among tlie 
ewes, higher conception rates were obtained Tlius, Ozhin recom 
mended that ewes showing first signs of estrus m the morning should 
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be inseminated 3 to 4 hours later, while those |°“ n f ^ llowin g morning 
evening should be serviced as soon as P oss * shou ld be per 

When estrus is checked only once d ,f e strus con 

formed as soon as possible and repeated the fo ® ^ ote d in estrus 

tinues In Australia a similar procedure is followed e wes 

,n the mornmg are inseminated the afternoon o ‘ ™ ned 

detected in estrus in the afternoon usually are insemina 

m Tn g u.i£r of reports indicate that slightly higher 
and more multiple births are obtained with more than unt il 

per estrous period (4) Since the increase appears to be «»i , ^ 

more information on the effect of multiple insemination g 
it is doubtful whether the extra effort involved is "' a " a 1 n '“ occurre nce 
In 1956 Williams and co workers (122) first reported the of 

of estrus in pregnant ewes Estrus was obseived at varum b ^ 
the gestation period in about 22% of a band of 103 crossb 
in 15 of 24 Rambouillets 

IV Sow 

At the present time artificial insemination of swine is in the exp 
mental stage despite the great potentialities for livestock > m P rI ’ of 
which it offers A review by Polge (83) in 1956 reveals the P auc '^ 
experiments completed since the possibilites of A I in pigs , 

by experimental work in Russia and the Philippines during 1 
1930 s Although, in general, field results have been discouraging, P ^ 
ress should be forthcoming judging from recent interest among in 
gators in a number of countries Outstanding contributions inc ^ 
those by Polge (83), Polge and Rowson (85), and Aamdal and °S 

Polge and Rowson (85) state that the pig is the most suitable °^ e 
domestic animals for livestock improvement through the extensile 
of A I Certainly A I is the best method for extending the use u 
of outstanding progeny tested boars Its application offers a convent^* 
economical service to the small pig producer with only a few sows 
thcrmorc, it should aid in controlling the spread of disease associa 
with the mo\ ement of breeding pigs from farm to farm 

Before A 1 of swine can become practical on a wide scale, more ^ 
tensive research must be done To date, comparison of the fertility * ^ 
suits obtained b) various workers is difficult because of the lack 
standard, accurate method for expressing fertility As pointed out > 
Polge and Rowson (So), a rational basis for calculating fertility muS ^ , f 
based on the actual percentage of pigs farrowing after insemination 
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the first time, rather than on the percentage which do not return in 
estrus within a certain time period Furthermore, data on litter size 
should be included in fertility reports 

The most urgent laboratory problems are the development of satis- 
factory semen diluents and optimum conditions for semen storage Re- 
sults to date with fiozen boar semen have been disappointing, but its 
possibilities warrant further investigation As emphasized by Folge and 
Rowson (85), the most serious practical problem is the correct timing 
of insemination Accurate detection of the onset of estrus is sometimes 
difficult, particularly on farms where no boar is kept Frequently the 
signs of estrus, such as swelling of the vulva, restlessness, mounting 
another sow, and the peculiar mating sounds, are weakly expressed Ex- 
perience and education should aid in solving this problem 

A Methods of Insemination and Site of Semen Deposition 

The physiological basis for A I of swine is quite different from that 
for cattle and sheep Whereas the bull and ram deposit relatively small 
volumes of concentrated semen in the anterior portion of the vagina, 
the boar ejaculates a very large volume of semen ( 100 to 500 ml ) into 
the cervix or uterus Polge and Rowson (85) allowed a boar to serve an 
excised sow tract while it was held inside an artificial vagina Based on 
their observations, they suggested that m gilts the penis is held withm 
the cervical canal, where the anterior part of the cervix is usually very 
constricted, but that in sows the penis may penetrate into the uterus 
In 1958, Smith and Nalbandov (104) reported that even during estrus 
the anterior portion of die cervix is very constricted and that ejaculation 
probably occurs m the middle of the posterior portion of the cervix and 
not directly into the uterus Nevertheless, the mechanism involved re- 
sults m rapid entry of semen into the uterus w ithout a considerable back- 
flow of semen Loss of semen from the genitalia during and after mating 
appears to be reduced by the gel present in the ejaculate which seals 
the cervix 

The equipment required for insemination consists of a long (45 cm ) 
inseminating tube or catheter and an apparatus for holding and injecting 
a large volume of semen Catheters made of glass, rubber, ebonite, and 
plastic have been used Hudjakov (49) recommended the use of curved 
catheters of various bores rather than straight catheters to permit deeper 
penetration Injection of the semen can be accomplished with a large 
capicity syringe (120), by gravit) flow from a bottle (70), by an in- 
fusion pump (83), or b} exerting pressure manually on a flexible plastic 
bottle (1) 
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The method used in Bussia (70) consists of passing about 35 to 40 
cm of a rubber or glass catheter through the vagina and into the cervix 
so that the end penetrates well into the cervical canal (Fig 4) The 
catheter is attached to a 150 ml bottle containing the semen By invert 
ing the bottle and holding it above the pig s back the semen flows out 
by gravity If flow is impeded air may be blown into the bottle via a 
second tube 
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In England, Polge (83) has used equipment which operates on the 
principle of an infusion apparatus (Fig. 5). A rubber bulb attached to 
a 100-ml. bottle for holding the semen serves as an air pump for inject- 
ing the semen. The catheter of heavy-walled rubber pressure tubing 
(45 cm. long, 1 cm. outside diameter, 4 mm. bore) is tapered on the 



Fig. 5. Use of infusion apparatus for inseminating a sow. From Polge (83). 

end that enters the cervix. The compressible rubber tube aids m block- 
ing the cervical canal during insemination. 

A promising modification using flexible plastic equipment reported 
recently from Norway (1) is shown in Fig. 6 A plastic inseminating 
tube (about 50 cm. long, 8 mm. outside diameter, and 4 mm. bore) Is 
attached to a 150-ml plastic bottle, which is also used for shipping 
semen. Of special interest is the placement of an inflatable plastic 
balloon or collar (4 cm. In diameter) about 2 cm. from the distal end 
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of tlie catheter The balloon is inflated by a rubber bulb and sen ^,„» 
block the cervical canal during insemination Polge and Rows on ( U 
have tested an inflatable rubber balloon and feel that it has possibi i ^ 
pending improvements in design Holt (48) has inseminated pig s ) 
attaching a plastic food bag containing the semen to a plastic cat e > 
allowing the semen to enter the uterus by gravity 

Usually it is not necessary to restrain the sou during insemination 
and this practice has been discouraged (85) Sometimes a restless sow 
can be quieted by pressing on her back The catheter is lubricated an 
inserted as far as possible into the cervical canal The bladder is avoi e 



Fic 6 Plastic insemination equipment for swine showing inflated balloon near 
tip of insemination lube From Aamdal and Hogset ( 1 ) 


by pushing the catheter up toward the backbone IF a balloon is not 
used a small piece of cotton may be used to hold the bps of the vulva 
together while the semen is being slowly injected (Fig 5) After with 
dravval of the catheter the cotton is inserted into the vagina to help 
present the loss of semen It is advisable to use semen warmed to at 
least_0* c Sln ce cold semen may be forced back from the uterus (S3) 
The site of semen deposition depends on the type of catheter used 
and the age of the pig Catheters with a diameter of 1 cm or more are 
too large to allow complete penetration of the cervix m most cases 
, 1 '"8 a semiflexible plastic catheter, 6 to 7 mm in diameter, Wiggins 
ct ol (1-0) were able to deposit the semen in the uterus of only a fc" 
sows and none of the gilts inseminated Recent English work indicates 
that trie cervix of most sows can be penetrated with a plastic catheter 
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6 mm. in diameter, while that of most, but not all, gilts can be penetrated 
with a catheter not more than 4 mm. in diameter (85). A plastic 
catheter consisting of concentric tubes, in which an outer tube pene- 
trates a short distance into the cervix and an inner tube penetrates into 
the uterus, is being tested (94). There is a question whether uterine 
body deposition of semen yields fertility results superior to those ob- 
tained with deep cervical deposition. Holt (48) reported some provoca- 
tive preliminary field results in which a conception rate of only 13.5% 
was obtained following intrauterine insemination in 22 sows, as against 
35.8% following intracervical deposition in 31 sows. Extensive studies 
must be conducted to determine the proper insemination technique and 
best site of semen deposition. 

Another question needing investigation concerns the possible role 
of the gelatinous fraction of boar semen in A.I. Most workers have 
removed the gel fraction to make the semen easier to handle. Mann 
et al. (65) showed that a large amount of gel enters the uterus in natural 
mating. Although Polge and Rowson (85) increased the farrowing rate 
by adding freeze-dried gel to diluted semen prior to insemination, the 
results were confounded by the addition of antibiotics. However, labora- 
tory studies by the same investigators (85) revealed that gel was not 
essential to fertilization and early results from a controlled experiment 
indicated that the presence of gel does not alter the farrowing rate. 
If the gel fraction should prove needless, then it may not be necessary 
to include the insertion of a cotton vaginal plug in routine A.I. 

B. Insemination Dose 

The large volume of semen ejaculated by the boar is generally be- 
lieved to aid in transporting the sperm through the long uterine horns 
of the female to the site of fertilization (68). Thus, more emphasis 
is placed on volume of semen per insemination in pigs than in cattle or 
sheep, where the primary consideration is the number of sperm in- 
seminated. Encouraging results from limited studies with semen used 
on the day of collection indicate that both semen volume and sperm 
numbers per insemination can be held at levels much lower than those 
involved in natural mating. 

While some reports indicate that semen volumes of 50 ml. may be 
sufficient (50, 120), it appears that larger volumes arc required for best 
fertility. Polge (84) found that the percentage of pregnancy was in- 
creased from 52 to 70 when the dosage of diluted semen was raised from 
100 ml. to 200 ml. per sow. With gilts, however, no advantage was 
found from using the higher volume of 200 ml. Using undiluted semen. 



156 


JOHN O ALMQU1ST 


Pitkjanen (82) also reported substantially higher fertility when sov> 
were inseminated with 200 ml rather than 100 ml In 1957 Milovano 
(69) stated that the volume of semen per insemination should e re ^ 
lated to the age and size of the pig and recommended a dosage o 
1 ml of semen per kilogram of body weight 

The quantity of semen inseminated also may play an important 
physiological role in the normal development of eggs after fertilization 
(25) Using either 50 or 250 ml of diluted semen containing a constan 
sperm number of 6 billion about the same percentages of fertilized egg s 
(73%) were recovered from sows killed 3 days after insemination 
However, one month later a much lower proportion of the sows m 


seminated with 50 ml of semen were still pregnant 

Information on which to base the number of sperm required p e * 
insemination is more inconclusive than that on semen volume Ito an 
co workers (50) achieved normal Utter size and a good conception rate 
of 77% when at least 5 billion sperm were used The smallest num er 
resulting in conception was 593 million, although Wiggins et dl (l 20 ) 
ha\e demonstrated that 20 million sperm can bring about fertilization 
of some eggs (29% based on 6 gilts) Polge (83) studied the effect on 
pregnancy of inseminating from 1 1 to 15 0 billion sperm, achieved by 
varying the dilution rate from 1 1 to 1 19 The percentage of preg 
nancies was not affected greatly until sperm numbers fell below 2 bU 
lion, when only 1 of 9 pigs conceived Under field conditions, on the 
other hand, du Mesial du Buisson and Dauzier (26) found that at least 
4 billion sperm should be inseminated 

The foregoing results suggest that the minimum volume of diluted 
semen inseminated should be 100 ml for gilts and 200 ml for sows, and 
should contain at least 2 billion sperm However, small numbers of am 
mals were used in the studies cited Firm recommendations which 
assure a high conception rate and normal Utter size must await the results 
of large scale experiments covering both a wide range of semen volumes 
and sperm numbers ' 


C Time of Insemination 


In 1935 Rodin and Lipatov (91) reported a much higher fertilization 
rate when sows were inseminated on the second day of estrus rather 
than on the first daj However, fertility results from carefully controlled 
studies of pigs artificially inseminated at various time intervals during 
estrus are lacking For the present, recommendations must be based 
largely on natural mating studies (15) Ovulation commonly occurs 
between 21 and 36 hours after the onset of estrus and optimum fertihtv 
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is obtained when pigs are mated 6 to 12 hours before ovulation. On this 
basis, insemination should be performed 12 to 30 hours after the onset 
of estrus. To date, most experimental inseminations have been per- 
formed either late the first day of estrus or during the second day. Gilts 
tend to have estrous periods of about 2 days, while sows may remain 
in estrus 3 to 4 days. Thus, in females where experience has shown 
that estrus can be expected to last for 2 days, insemination should be 
performed late the first day of estrus. In sows, when estrus is expected 
to last 3 days, insemination should be done the second day of estrus. 

Proper timing of insemination appears to be important for reasons 
other than fertilization. Burger (15) found that an increased proportion 
of fertilized ova failed to develop normally when pigs were mated late 
in estrus, and postulated that this could result in reduced litter size. 
Du Mesnil du Buisson and Dauzier (26) reported that about 20 % of 
393 sows which failed to conceive (total of 600 sows inseminated) did 
not return to estrus within 3 months or more after insemination. They 
suggested that the suspension of estrus might be caused by inseminating 
the sows when they were not in estrus (25). The incorrect timing of 
insemination was believed to be related to the difficulty of detecting 
estrus without a boar. However, when sows not in estrus were in- 
seminated under controlled laboratory conditions, they failed to show 
this phenomenon (26). Although the problem remains unsolved, it is 
noteworthy that the above workers have never observed interference 
with the recurrence of estrus when a boar was used to detect estrus. 
Further investigation of the extent and nature of the problem is war- 
ranted, since it may have serious implications in routine A.l. practice. 

Uncertainty as to the length of estrus often is overcome in natural 
service by mating pigs on consecutive days. Limited data indicate that 
tills practice also improves fertility with A.l. (1, 119). Milovanov (69) 
recently recommended that sows be inseminated 18 to 24 hours after the 
beginning of estrus and repeated 12 to 18 hours later. Even if proven 
beneficial, multiple insemination probably would be too costly for 
routine use. 

V. Mare 

Among farm animals, artificial insemination was exploited first in 
the horse. Its development was stimulated in Russia at the turn of the 
century by the pioneer investigator, Ivanov. The technique is used 
quite extensively with horses in Russia, but only to a limited extent else- 
where. Tims, most of the research has been done by Soviet workers. 
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A Methods of Insemination 

In mares, mtrautenne deposition of a relatively large volume of semec 
takes place during natural mating (9) Consequently, the site of e P° 
tion cannot be improved by A I as it is in the cow and ewe 
Various methods of inseminating mares are used The two 
commonly practiced in Russia up to 1948 have been published m n o 
lish translations (38, 70) The first of these was developed by 
and utilizes an infusion apparatus simdar to that previously descn 
for swine A heavy walled rubber catheter (1 to 15 cm outside 1 
ameter, 3 mm bore, 80 cm long) is introduced by hand into the cervix 
and directed into the uterus to a depth of 8 to 10 cm The semen con 
tamed in a bottle connected to the catheter is injected either by gravity 
flow or by forcing air into the bottle In the second method, which ^ 
simpler, semen is placed in a 10 or 20 ml capacity gelatin capsu > 
which is immediately inserted with the hand into the cervical canal an 
pushed into the uterus by the forefinger Several capsules may be re 
quired to administer the desired volume of semen (20-40 ml ) I n botn 
methods, flow of air into the vagina when the arm is inserted should 
avoided as much as possible 

In 1956, Skathin (101) described the methods currently used 
Russia Frequent use is made of the rubber catheter, but the semen « 
deposited by connecting it to a large glass syringe rather than a bottle 
A \aginal speculum and a glass or ebony catheter attached to a synng 6 
also are used The 50-cm glass catheter has an outside diameter up 
to 1 cm , with a bore of 1 to In mm The ebony catheter is the same 
length hut is much lighter and Unnner (6 mm outside diameter, 1 mm 
bore) Another variation is used when semen must be transported d ' c 
semen is placed in a specially designed, 30 ml capacity, glass test tube 
(1 8 cm diameter, 19 cm long) One end of the tube is drawn out *n 
form a cannula, 5 mm in diameter, which can be connected to a catheter 
alter removing a cap When the catheter is in place a stopper is re 
moved from the other end of the tube and the semen floss s into the 
uterus bs gras it} Thus, the shipping tube serses as an infusion ap- 
paratus and obsiates die need for a syringe 

Although the speculum method is used in Russia, Berliner (9) ba ! 
pointed out some disadsantages, it is more difficult to pass the cadieter 
into the uterus and much dust and air enters the vagina 

Before insemination, the mare should be restrained by hobbles « 
placed In a breeding chute and the vulva cleaned When the arm of 
the operator is placed m the mare's vagina, it is advisable for him to 
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wear a rubber sleeve, which should be lubricated before entering the 
genitalia 

B Insemination Dose 

Information on the amount of semen and number of sperm necessary 
for optimum fertility is very meager Anderson (4) has reviewed the 
work done prior to 1944 In general, whether the semen was diluted 
(usually 1 I to 1 3) or not, the findings indicated that small or young 
mares being bred for the first time should be inseminated with 15 
to 20 ml of semen, while 20 to 30 ml should be used with larger, older 
mares As much as 50 ml was suggested for mares showing uterine 
atony or poor quality vaginal and uterine mucus In 1950, Shathm (100) 
concluded that 20 ml of diluted semen was a safe minimum, but that 
30 to 40 ml gave more satisfactory results 

The available evidence indicates that for good fertility about 2 billion 
sperm should be inseminated (22, 53) Kedrov (53) found that concep- 
tion rate dropped from 90 to 65-70% when 500 million to 15 billion 
sperm were inseminated per mare instead of 1 5 to 2 billion sperm Al- 
though not confirmed, the possibility that sperm numbers lower than 
2 billion can be used successfully is shown by the more recent study of 
Skatkin (100) Based on 200 mares, and using semen diluted m egg 
yolk-glucosc, there was no appreciable difference in conception rate 
when sperm numbers varying from 250 million to 2 billion were in- 
seminated 

C Time and Number of Inseminations 
The proper timing of insemination is more of a problem in the marc 
than in other farm females because of the greater variations in the 
cstTOUS cycle Tlius, it is not surprising that considerably more research 
has been done in this area than in those discussed abo\c It is generally 
agreed that fertilization is most likely from insemination performed to- 
vv ard the end of estrus and prior to ovulation Ov illation is more closely 
related to the. cessation than the onset of cstrus and usually occurs some 
tunc during the 1 ist 48 hours of estnis However, the extremely variable 
length of estrus makes it impossible to predict ovulition tunc iccurately 
m advance PvlpaUon of the ovaries via the rectum aids in overcoming 
this problem and good fertility results hive been reported when pilpi 
tion vv is accompanied by inseminating or mating nt the approximate 
tnm of ovulition (70, 99, 101, 103) When this procedure is not pr.ic 
tietd, it is more important tint several inseminations ptr i*strous period 
lx* made to obt im good results Therefore, insemination on allrmitc 
dav» beginning the second d»y of tvtrus is gtmrdly recommended 
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Additional evidence (16, 20) has been gathered to support ^ 


ing of Day (22) that sperm can m 

mare’s reproductive system Burkhardt (16) obtained 5 pre 0 . j ter 
6 mares mated 4 days before ovulation, one mare became pregnan 


i fertile more than 2 days in 


6 mares mated 4 day: 
an interval of 6 days 


an interval of 6 days He concluded that intervals of at leas ^ 
between services are satisfactory if the semen is of good qua ity 
substantiated by more extensive fertility data, one insemina ion F ^ 
estrous period would be sufficient m many mares, or inseminations c 
be performed at 3 to 4 day intervals rather than 2 days as P r ^ e 
recommended This would greatly enhance the practicability o 
horses 


VI Bitch ^ 

The first recorded successful experiment in artificial insemination 
domestic animals was performed with the dog by Spallanzani in ^ 
in 1780 As shown m recent reviews by Harrop (43) and Letar e 
(61), canine A I has received little attention since that time » ^ 
plication has been very limited, being used mainly to overcome ps> 
logical and physiological barriers to natural mating Recent efio 
Harrop (43), however, should provide impetus for future developm e 
in this field He has reported successful inseminations of a few bi c 
with semen preserved in heated milk diluent for 4 to 6 days, mclu o 
one with semen shipped from England to the United States 


A Methods of Insemination 

Using a uterine fistula to study natural mating conditions, Letard 
collaborators (61) reported that the penis penetrates to the vagi n ^ 
orifice of the cervix and that sperm reach the utenne horns befor^ 
copulation is completed It is generally believed that the enlargemen 
of the bulbus glandis of the penis during copulation aids in preventing 
the escape of semen from the vagina Therefore, the objective of A 
in the bitch is to place the semen as deeply as possible in the repro nc 
live tract Loss of semen may be minimized by elevating the 
quarters of the bitch during insemination and for at least 5 minu 
after insemination (33, 61) Frank (33) recommended that a mois 
cotton plug should be inserted just inside the vulva after insemination 
but most reports do not mention this practice 

Simple insemination equipment consisting of an ordinary 1 ml 
pipette connected to a glass syringe by a rubber connector is adequate 
(43) Most catheters are at least 15 cm long with an outside diameter 
of 4 to 6 mm Other workers base used a 30-cm long ebonite catheter 



INSEMINATION TECHNIQUES 


161 


(73) or a 15-cm. long glass catheter bent at a 45° angle 4 cm. from the 
distal extremity (61). The female should be held in a standing position 
at a convenient height, although for inseminating small animals Letard 
et ah (61) prefer to place the animal on its back. After the vulva is 
cleansed, the catheter is first inserted in a dorsal direction until it has 
passed into the vagina and then directed horizontally to the cervix. The 
catheter should penetrate into the vagina at least 6 to 8 cm. in small 
females and 8 to 12 cm. in larger ones (61). Some workers use a glass 
speculum (1.3 to 1.6 cm. outside diameter, 15 cm. long) and a light 
source to aid in locating die cervix so that semen can be deposited in 
the cervical canal, but a speculum is not essential. 

In most cases, the semen is deposited either in the anterior part of 
the vagina close to the os cervix or just inside die cervical canal. Griffini 
and Rimoldi (39) suggested that semen should be introduced deep into 
the vagina or into the uterus. Although Harrop (41) succeeded in de- 
positing semen directly into die uterus in one case, he has concluded 
that this is practically an impossibility in most bitches (42). He has 
failed in attempts to pass a very fine catheter through die cervix, even 
with the bitch under anesthesia (44). 

The smallest volume of semen and the least number of sperm re- 
quired for satisfactory fertility have not been determined precisely. Ir- 
respective of breed, Letard et ah (61) stated that 1 ml. of fresh un- 
diluted semen appears to be sufficient if sperm concentration is above 
150 million per ml. Depending upon the quantity and quality of die 
semen and the breed of dog, other workers have used from 1 to 5 ml. of 
undiluted semen (35, 40, 73), and as high as 10 ml. (39). Harrop (42) 
indicated that 5 ml. of semen diluted 1:8 should be sufficient when de- 
posited in the anterior vagina. 

B. Time of lnsc77iination 

The best time to inseminate is when the bitch would accept the male, 
but this time varies considerably among individuals. Thus Harrop (44) 
recommends two inseminations when possible, the first one on the second 
day of true cstrus and the other on the fourth day. This corresponds to 
the eleventh and diirteenth days after the start of procstrus. Proestrus 
extends from the first signs of bleeding to the first acceptance of the 
male, and averages about 9 days. Normally, the bitch accepts the male 
on the tenth day, the first day of true cstrus, and ovulates about 1 to 3 
days later. Letard ct ah (61) used single inseminations, usually between 
the tenth and twelfth days from the beginning of bleeding. Thev re- 
ported success in two extreme cases following insemination on the eighth 
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and fifteenth day Based on incomplete information for 30 in^ min g 
with fresh semen, they estimated fertility to be about 60 J<> This is 
satisfactory, but fertility results obtained by others are either ac n o 
co meager that a valid evaluation of present procedures cannot e m t 
The vaginal smear technique offers an aid in determining uie 00 
time for insemination (60) Newberry and Gier (72) reporte 
results when bitches were given a single natural service m the - 
period following appearance of leukocytes m the vaginal smear ^ 

From the foregoing discussion, it is obvious that more researc 
needed on insemination techniques for the dog 


VII General Considerations Related to Insemination Procedubb-* 

It has been demonstrated m many species that spermatozoa ^ 
the female reproductive tract and reach the site of fertilization 
matter of minutes after natural or artificial insemination This rapid 
of sperm transport raises the question whether A I in domestic an ^ 
can be performed 1 to 2 hours before or shortly after ovulation an 
tam high fertility Evidence gained from studies with rats and ra * 
has shown that ejaculated sperm must undergo a period of matura 
in the female genitalia, known as “capacitation,” (about 4 hours in r 
6 hours in rabbit), before becoming capable of fertilizing the egg v 
discussion in Chapter 12, Volume I) Although there is no informa ° 
on the need for capacitation of sperm in farm animals, such a possibi t) 
seems plausible in view of the reduced fertility generally obtained w 
animals are inseminated late in relation to ovulation Thus, pending *n 
ther research, it appears that the rapidity with which sperm traverse ® 
female genital tract should not alter present recommendations on 
optimal time for insemination 

Another question concerns the effect of the skill of the technician 
on the results from A I As discussed by VanDemark and Hays (U 4 h 
A I techniques m the cow involving massage of the vulva, manipulation 
of the cervix, and insertion of an inseminating tube bring about t 
release of oxytocin Oxytocin in turn causes contractions of the uterine 
muscles which are largely responsible for rapid sperm transport 311 
Demark and co-workers also demonstrated that epinephrine causes 
reduced uterine activity and, if injected pnor to oxytocin, parball) 
completely inhibits the action of oxytocin Thus, they have suggest 
a possible explanation for some of the differences in conception rates 
obtained by technicians working m the same organization Extreme 
slowness or speed, awkwardness, or roughness in the A I procedure 
might cause release of epinephrine or might fail to stimulate the release 
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of oxytocin The nervousness of the cow at the time of insemination also 
appears to be involved (87) Limited data suggest that oxytocin in- 
jections into cows immediately after natural mating or epmephine 
injections preceding natural service resulted m increased conception 
rates (45) The results were not explained and no experiments have 
been reported as to whether these hormones would affect fertility follow- 
ing A I Further studies are needed to determine the extent to which 
faulty insemination technique and nervousness of the cow affect con 
ception rate 

Several Russian reports indicate that fertility of inseminated cows, 
sows, and ewes is increased if they are placed with a vasectomized 
male (63, 82, 97) Although the evidence is not clear, the influence of 
sexual stimuli provided by the male merits further study If it is neces 
sary to maintain a male with the females, one of the main advantages 
of A I would be lost 

Beginning m 1949, a number of reports from Russia indicated 
numerous advantages to be gamed from insemination of cows, ewes, and 
sows with mixed semen, i e , semen of several males of the same breed 
or of two, three, or four breeds They claimed, as reviewed by Kushnef 
(56), that heterospermic insemination not only increased fertility, but 
also resulted m the birth of greater numbers of more uable young which 
showed improved growth rates In beef cattle, for example, one report 
(88) involving 210 inseminations showed lowest fertility following im 
semination with semen from a bull of the same breed (67%), higher 
with semen from a different breed (76%), still higher with mixed semen 
from two breeds (84% and highest with mixed semen from three or 
four breeds (86%) In sheep, a report showed that all of 122 cxperi- 
mental ewes inseminated with mixed semen from two rams became 
pregnant, producing a larger number of heavier lambs than 90 control 
ewes of which 85 lambed (2) In 1955, however, a critical Russian 
renew (62), based on investigations with sheep, stated that the bene- 
ficial results claimed for mixed semen were inconsistent and, when 
achieved, were the result of exceptionally high semen quality At the 
same time another investigator concluded that mixed semen of two to 
four rams did not greatty increase the percentage of viable Iambs (37) 
As stated in a review b) Tluhault (107), the numbers of animals cm 
plo)cd in the Russian experiments were too smill to he conclusive with 
respect to the effect of heterospermic insemination on fertilitv In addi- 
tion the birth weights of the control lambs appeared to be inferior to 
breed standards 

Littli rest irch involving mixed senun of farm animals his !>eon con 
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and fifteenth day Based on incomplete information for 30 
with fresh semen, they estimated fertility to be about 60% This i q ^ 
satisfactory , but fertility results obtained by others are either ac o 
«o meager that a valid evaluation of present procedures cannot e _ 
The vaginal smear technique offers an aid in determining t e c0 
time for insemination (60) Newberry and Gier (72) reported e ^ e ^ our 
results when bitches were gi\en a single natural service in the 
penod following appearance of leukocytes in the vaginal smear ^ 

From the foregoing discussion, it is obvious that more resear 
needed on insemination techniques for the dog 

VII General Considerations Related to Insemination Procedures 
It has been demonstrated in many species that spermatozoa as ^ 
the female reproductive tract and reach the site of fertilization in^ 
matter of minutes after natural or artificial insemination This rapid 
of sperm transport raises the question whether Aim domestic an ^ 
can he performed 1 to 2 hours before or shortly after ovulation an 
tain high fertility E\ idence gained from studies w ith rats and ra > ^ 
has shown that ejaculated sperm must undergo a period of matura 
in the female genitalia, known as "capacitation,” (about 4 hours > n r ** 

6 hours in rabbit), before becoming capable of fertilizing the egg ( 
discussion in Chapter 12, Volume I) Although there is no inform 1 
on the need for capacitation of sperm m farm animals, such a possim 1 ) 
seems plausible in view of the reduced fertility generally obtained "J 1 
animals arc inseminated late in relation to ovulation Thus, pending * l | ^ 
thir research it appears that the rapidity with which sperm traverse ’ 
ft male genital tract should not alter present recommendations on ‘ ’ 
optimal time for insemination 

Another question concerns the effect of the skill of the ttchnict* in 
on the results from A I As discussed by VanDcmark and Ilays (11**!* 
A 1 techniques in the cow involving massage of the vulva, manipnlatiD* 
of the cervix, and insertion of an inseminating tul»c bring al>out t 1 
rt lease of oxMocin Oxytocin in turn causes contractions of the uttr ,n 
muscles which .ire largely responsible for rapid sperm transport 
Dmutl and co-worktrs also demonstrated that epinephnnc can* 
reduced uterine activity and if injected pnor to owtoctn, pirtialb 
compV*< 1\ inhibits the action of oxvtocin Tims, thev have suggested 
a possible explanation for some of the differences in conception rate* 
nb’ 4 1 tied bv trehnicians working in the same organization Extreme 
*1 iww*s or sprpd, avvkw irdness or roughness in (lie A I proced'i”; 
r Id t tsoie Irhso- of t-pinopVlni Of might (.ill to stimulate the rel« w 
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of oxytocin. The nervousness of the cow at the time of insemination also 
appears to be involved (87). Limited data suggest that oxytocin in- 
jections into cows immediately after natural mating or epinepliine 
injections preceding natural service resulted in increased conception 
rates (45). The results were not explained and no experiments have 
been reported as to whether these hormones would affect fertility follow- 
ing A.I. Further studies are needed to determine the extent to which 
faulty insemination technique and nervousness of the cow affect con- 
ception rate. 

Several Russian reports indicate that fertility of inseminated cow$, 
sows, and ewes is increased if they are placed with a vasectomized 
male (63, 82, 97). Although the evidence is not clear, the influence of 
sexual stimuli provided by the male merits further study. If it is neces- 
sary to maintain a male with the females, one of the main advantages 
of A.I. would be lost. 

Beginning in 1949, a number of reports from Russia indicated 
numerous advantages to be gained from insemination of cows, ewes, and 
sows with mixed semen, i.e., semen of several males of the same breed 
or of two, three, or four breeds. They claimed, as reviewed by Kushner 
(56), that heterospermic insemination not only increased fertility, but 
also resulted in the birth of greater numbers of more viable young which 
showed improved growth rates. In beef cattle, for example, one report 
(88) involving 210 inseminations showed lowest fertility following in- 
semination with semen from a bull of the same breed (67%), higher 
with semen from a different breed (76%), still higher with mixed semen 
STOm two breeds (b4%), and highest with mixed semen from three or 
four breeds (86%). In sheep, a report showed that all of 122 experi- 
mental ewes inseminated with mixed semen from two rams became 
pregnant, producing a larger number of heavier lambs than 90 control 
ewes, of which 85 lambed (2). In 1955, however, a critical Russian 
review (62), based on investigations with sheep, stated that the bene- 
ficial results claimed for mixed semen were inconsistent and, when 
achieved, were the result of exceptionally high semen quality. At the 
same time another investigator concluded that mixed semen of two to 
four rams did not greatly increase the percentage of viable lambs (37). 
As stated in a review by Thibault (107), the numbers of animals em- 
ployed in the Russian experiments were too small to he conclusive with 
respect to the effect of heterospermic insemination on fertility. In addi- 
tion, the birth weights of the control lambs appeared to he" inferior to 
breed standards. 

Little research involving mixed semen of farm animals has been con- 
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ducted outside of llussi.i. In Hie United States, a limited field * rin1 
volxing insemination of 429 cows with mixed semen of three or 
dairy bulls of the same breed showed n definite trend toward increas ^ 
fertility (47). An extensive trial in England showed no obvious e ec 
on fertility when semen of several beef hulls of the same hrect " 
mixed (31). ^ 

Iletcrospcrmic insemination is n controversial subject nnd xearran^ 
more inx'cstigation. Final evaluation must await the results of larger an 
more rigidly controlled experiments. Eten if benefits arc demonstra 
obviously its application would be limited to inseminations in whic » 1 
was not desired to register the offspring. 

VIII. Summary 

Insemination techniques of domestic animals arc summarized n 
Table III. Based on developments with cattle, the minimum mim . . , 
of spermatozoa per insemination indicated for other species proba ) 
will be decreased as more information becomes available. 


TABLE 111 

Summary of Insemination Techniques for Domestic Animals 
Insemination dose 


Minimum 


Animal 

Site of semen 
deposition 

Volume of 
semen (ml ) 

no.ot 
sperm (In 
millions) 

Optimum time of 

insemination _ 

Cow 

Cervix or uterus 9 

1 

10* 

0-18 hours after o 
set of estrus 

Ewe 

Cervix 

0 05-0 1 

50 

10-21 hours after 0 
set of estrus 

Sow 

Cervix or uterus 

Cilt, 100, 
Sow, 200 

2000 

12-30 hours after o 
set of estrus 

Mare 

Uterus 

20-10 

2000 

E\ cry other day. b 
ginning 2nd day 
estrus 

Bitch 

Cervix 

1-5 

150 

2nd and 4th days 
true estrus 


“ Uten ? e bt >dy deposition usually limited to first service cows. 
Based on numbers of motile sperm. 


1 

2 
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1 The Nuttuest Rr.QUii.EN.rvrs ron Thtae D - :VELO '^ cd 0 „ 
In the past a large number of .mcsUgiUons hwe ^ccn P ot h e r 
the probable influence of nutn.mn on reproducUon >n ^ 

domestic animals Most of these ,„w plane °f 

for the purpose of elucidating the £„„ct.on of the 

nutrition and of minerals and vitamins -m ™ "° tl0n5 have been per- 

si-r-ss £ "i'sx;- v— “• 

. a. — ;»■>; 'T.“ Er ir«».a 


owtli in the economically important cornu ^ be estl 

The theoretical nutrient requirement for fetal 1 6 , s and 

lated on the basis of analyses of fetuses, fetal n*mbranes, > stat ed by 


mated on the basis of analyses of fetuses, fetal memorauc ^ ^ by 
milk glands at various times during the pregnancy, . ^ ^ amm* 1 

Haecker (120), it is necessary to know the compo nroduc- 

Haecher t i-u;, , nutrient requirements of its F° 


Haecker (120), it is necessary to Know me nroduc- 

produetto determine the actu'd net nutr.ent r^uHemen^ f F^^^ 
Hon The question can be elucidated by performing balance 1 * 

periodically on the pregnant animal In mulUparousa a farther 

the litter size and the viability of the offspring ncy has been 

to indicate whether the feed requirement during preg y 
sufficient or not 

A Cattle 

1 Protein vnthesis 

Quantitative investigations on the extent of the P rotcin ?„ e u of 
during pregnancy have been performed mostly from the po an d 

human nutation chiefly on smaller animal sub,ects espcciall > *>8 
rabbits The first exact investigations on the metabolism y anC e 

nancy were performed in 1884 by Repreff (250), who came men H e 
experiments with pregnant dogs, guinea pigs, rabbits, an per iod 

found that the nitrogen retention rises progressively during^ 1( 


found that the nitrogen retention rises progressisciy ,J 5 

of pregnancy Subsequent experiments with dogs and ratarn t ’ a( j 
121, 166 220) and with a goat (104) have shown that tne ^ 

mittedly often a slightly negative mtrogen balance during ^ , 

part of pregnancy, but if the protein supply is sufficient t 0 [ 

pronounced and mcreasingly positive mtrogen balance during 

the pregnancy holism >° 

The first quantitative investigations on the mtrogen meta 
cattle during pregnancy was performed by Growther and ° cows* 
(59) in 1920 They determined the mtrogen balance in two cir> ^ ^ 
one of which was pregnant At the beginning of the expenmen^ ^ 
fetus was about 2 months Apparently there was a loss of nitr0 ® tentl oo 
ing the first half of the pregnancy, and the ensuing nitrogen r 
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did not reach a fairly appreciable magnitude until 3 or 4 weeks before 
parturition. 

More extensive investigations on the nutrient requirements for fetal 
growth in cattle have been performed during recent years. To find a 
quantitative expression of the daily deposition of nutrients, total nitro- 
gen, organic dry matter, crude fat and crude ash were determined in 
fetuses, fetal membranes, fetal fluids, and the uterus itself in 21 pregnant 
uteri of cows killed at different times during the period of pregnancy 
(159, 160, 216). The results of these investigations are summarized in 
Fig. 1. It appears that the deposition can be described by an exponen- 
tial function of time from conception. The curves shown in the figure 
were calculated by plotting the logarithmic values of the amounts de- 
posited against the time from conception and then calculating the 
regression line of the rectilinear dependence thus found. The total 
nitrogen deposition can be described by the function W N = 7,76e 0 - 0182 *, 
where W N is the deposited nitrogen in grams, and t the days after con- 
ception. The daily deposition, grams of N daily = 0.l41e° <U82 *, is then 
calculated by differentiation of the deposition function. The exponent 
in the mentioned functions gives the relative increase of nitrogen in the 
pregnant uterus, i.e., the amount of nitrogen increases by 1.82% daily. 
Similarly the weight of the pregnant uterus can be described by the 
function W = 1034c° 01B0 *, where W is the weight in grams. The esti- 
mated weight of die nonpregnant uterus, 1034 g., is in good accord with 
the weight of nonpregnant uteri found (159, 160). The relative daily 
increase in weight, 1.50%, is less than the relative nitrogen deposition, 
1,82%; therefore the percental content of nitrogen in the fetus and 
fetal membranes rises in the course of pregnancy (160). 

When die nitrogen deposition in the reproductive organs is used in 
assessment of the protein requirement for fetal growth, the deposition 
in the mammary gland during pregnancy should also be considered; 
this applies primarily when the protein requirement caused by preg- 
nancy in heifers is to be assessed. According to Hammond (126), the 
development of the milk gland in heifers follows an exponential function 
of time. In investigations on the nitrogen content in the udder of preg- 
nant and nonpregnant monozygotic twins, Jakobsen (160) has cal- 
culated the degree of nitrogen deposition in the mammary gland during 
the period of pregnancy, assuming diat the deposition in this organ 
did not reach an appreciable magnitude until after the 175th day of 
pregnancy. The formula of this curve is W N = 25.2e° osacu—iw). 

On the basis of the investigations mentioned here it is possible to 
calculate the daily nitrogen deposition In the reproductive organs at 
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mined might be considered a direct expression of the protein require- 
ment caused by pregnancy on the assumption of a 100% utilization of 
the nutrient proteins for the growth processes mentioned This is not 
the case, and die question therefore arises as to the degree of utilization 
of the proteins for fetal growth 



It has been found in thorough investigations on the optimal protein 
requirement for milk production in cows (103) that a secretion of 34 
g of milk protein on the average required a supply of 60 g digestible 
protein To calculate the extra protein requirement of pregnane), it is 
suggested (160, 216) on the basis of these experiments, winch were 
later confirmed b) others (171), that the daily protein deposition in the 
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reproductive organs be multiphedbythe ^r^60/34 Jn Fje )nUd 
daily protein requirement thus calculated , t0 use 

curse 1 From a physiological point of view ' '^“ment for fetal 
the same utilization factor in calculating p 3 productaon 

growth as in calculating protein reqmremen for eproductne or 

g The values given here for protein deposition ” * dement hate 
gans during pregnancy and the calculate F t an d non 

been verified by nitrogen balance experiments vyi* P g „ n *at 
pregnant monozygotic tivm heifers (160) O nonna l protein 

pregnancy does not involve essential changes in , of 

synthesis outside the organs of reproduction and tot the auppj^n 
protein is sufficient, the difference m positive protemhata.ee 0 „ 

the pregnant and the nonpregnant heifer during *epmod og 
gives an expression of the protem reqinrement for fetal grovvtn, g 
of the mammary gland, and production of colostrum mth the 

Tlie nonpregnant heifers were slaughtered concurre y and 

pregnant heifers at term, the uten and the udders were rem ^ for 

subjected to a chemical analysis The daily protein re< l JS cal 

protein synthesis in the reproductive organs during pregn a at 

culated (160) on the basis of the total nitrogen deposition ^ 
the end of the period of pregnancy, the results of the bal *, 

ments, correction for the calculated extrautenne nitrogen non 

and difference in protem oxidation between pregnant j e(a ] 

pregnant heifers Table I shows the daily protein requirement ^ 

growth, calculated partly on the basis of the mentioned V ^ 
curves multiplied by the utilization factor 60/34 and partly , ein 
balance experiments with monozygobc heifer twins The daij V 
requirements calculated by these two methods are m good acco 


TABLE I 



TE1N Rt 

iQUIREMENTS FOR FETAL GROWTH IS CATTLE 

' 



Recommended standards crams digestible protein 




Denmark 




Months after 

New standards 





1* 

2 s Old standards 

Norvs ay 

Sweden 


6 

35 

25 60 

40 

— 

270 

7 

75 

60 60 

65 

90 

270 

8 

125 

120 60 

100 



9 

225 

230 CO 

130 

195 

o~0 

Last 2 vs cels 

290 

310 60 

160 


— — " 


* On bull of deposition curves 
On of N balances 
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The protein standards established in the international literature (156, 
159, 160, 171, 173, 175, 200, 222, 324) as optimal to meet the extra pro- 
tein requirement of pregnancy in cattle vary considerably as shown in 
Table I. In none of the examples mentioned is an additional protein 
supply for fetal growth recommended until the beginning of the 6th 
month of pregnancy, for only then does the development of the fetus 
reach a considerable extent (see Fig. 1). 

Neither the American (324) nor the earlier Danish standards (222) 
consider the fact that the protein requirement is progressively increasing 
during pregnancy; whereas the American standards must be considered 
rather high, the earlier Danish ones are undoubtedly much too low. 

2. Minerals 

a. Calcium and Phosphorus. The first investigations on the extent 
of the storage of minerals in fetuses at different times during pregnancy 
were performed by Hugounenq (154) about the turn of the century. 
He showed that the amount of minerals stored in human fetuses during 
the last 3 months of pregnancy was about twice as large as during the 
whole of the preceding period; also, the relative deposition of calcium, 
phosphorus, and potassium increased. Later, balance experiments with 
rabbits (299) and dogs (166) showed that in these animals, too, the 



l'ic. 3. Total deposition of calcium and phosphorus in the pregnant bovine 
uterus. 
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storage of minerals m the fetuses increased very much toward the end 

° f F In g ordc? to determine the total deposition of tailciui^hosphoro, 
sodium and potassium in the pregnant bovine utenis at rforffle d 

dunng pregnancy, examinations of the mineral content P 

in 21 pregnant uteri (21) These examinations showed that &e 

of crude ash in the fetuses rose progressively from about o g . , e 
15th week of pregnancy to about 1050 g at the end of P re S” a "^! fllU( j s 
the content of crude ash in the uterus, fetal membranes, and , Ca 

rose from about 20 to 200 g Figure 3 shows the total deposition ^ 
and P in the pregnant uterus It will appear from the exponen 
functions of these curves that the calcium content increases ) ^ 
daily, while the amount of phosphate increases by 2 87 c ^ he ^ 

intrauterine Ca and P deposition can be calculated on the basis 0 
observations shown in Fig 3 The results of such calculations are ^ 0 
in Table II The daily requirement for Ca and P for fetal grow 


TABLE 11 Bo*** 

Daily Deposition of Calcium Phosphorus and Iron in the Precnan 



Uterus and the Estimated Requirement 




Calcium 

Phosphorus 

Iron 

deposit 

(^1 L— 

Months after Deposited 
conception ( g ) 

Require 
ment (g ) 

Deposited 

(g> 

Require 
ment ( g ) 

G 

04 

1 

0.3 

1 

4 

7 

09 

2 

07 

2 


8 

2 J 

6 

18 

5 


9 

60 

15 

4.8 

12 


Last 2 weeks 

80 

20 

7 A 

18 



be estimated on this basis if it is known how effectively the anirn ^ 
utilizes the content of these minerals in the feed This, however, 
highly variable and is dependent on the composition of the ration 
used, the supply of vitamin D and the ratio between Ca and P in 
feed. On the basts of balance experiments with cattle it is generally 
sidered that on the average 40 Jc of the mineral content in the » e 
can be utilized The daily requirement for these minerals for * e 
growth would then be of the order of magnitude shown in Table 
Tlie values given do not include the Ca and P requirements for 
mammary gland development. , 

The last fourth of pregnancy is of critical importance with 
to calcium and phosphorus requirement (Fig 3) During this penoa 
large amounts of these minerals are deposited in the fetus In additi°° 
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the stores of these minerals in the maternal skeletal system should be 
sufficient to contribute toward meeting the calcium and phosphorus 
requirements in the first part of the lactation period. 

b. Iron. Determinations of the iron content in a large number of 
fetuses and fetal membranes removed from cows slaughtered at different 
periods of pregnancy reveal that the total deposition of iron can be 
described by the function Wp e — 1.7e 00272f , where Wre is milligrams 
of iron deposited and t, days after the conception. As may be seen, the 
relative increase of iron, 2.7%, per day, is of almost the same magnitude 
as was found in calculations of the calcium and phosphorus deposition. 
Consequently, the shape of the curve is similar to that shown in Fig. 3. 
From die function mentioned, the daily iron deposition can be calculated 
by differentiation. The results of such calculations can be found in Table 
II. 

3. Energy 

Attempts have been made to elucidate by different means the ques- 
tion of the energy requirement for fetal growth. A determination of 
the energy content of the pregnant uterus at different stages of preg- 
nancy (Fig. 1) is a relatively simple procedure. But such an investiga- 
tion can only afford information as to the amounts of energy deposited 
at a given time in the pregnant uterus; it supplies no information about 
the energy which has been lost as heat owing to the metabolism of the 
fetus, or the change in the extrauterine metabolism which may be a 
consequence of the state of pregnancy. Besides a determination of the 
deposition of energy in the pregnant uterus, an exact determination of 
the energy requirement therefore also necessitates a knowledge of the 
energy deposition in the milk gland and the total heat production of the 
maternal organism before and during pregnancy. 

The first attempt at determining the heat production in pregnant 
mammals was made by Repreff (250), who performed indirect de- 
terminations of the heat production in pregnant rabbits, guinea pigs, 
and dogs. He found no rise in the basal metabolic rate (BMR) during 
pregnancy. Subsequent investigations (see 40, 223), among others by 
Murlin (219), showed a distinct rise in BMR in a pregnant dog and 
further demonstrated that the rise was dependent on the number of 
fetuses. In a pregnancy with one fetus the heat production 3 days be- 
fore term was about 8.5 over the BMR before the pregnancy; in an- 
other case with 5 fetuses the total heat production had increased by 
50% at the end of the pregnancy. 

The first investigations on the energy metabolism in pregnant rumt- 
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nants w ere performed by Benedict and Bitzmann (22) T n . 1 P the 

ments no rise m the metabolism was found except that cau > 


ments no rise 
increase of weight 


(41, 


Subsequent thorough investigations by Brody and his g P 
44) gave a diSerent result On the basis of determinations o ^ 

gen consumption they computed the ratio between heat pro ^ 

the "physiological weight’ ( calones/weight 0 ™) in rats and 
fore and during pregnancy (44) On the assumption t a 
varies with the 073 power of the body weight a rise m this ratio 
indicative of a relative rise in the metabolism It was foun , n 

experiments that there was no rise in the ratio ( calones/welg ^ 

rats during pregnancy, but in heifers the ratio rose from t e o ^ 

magnitude 0 55 at the beginning of the pregnancy to 0 85 shor y ^ 
term These experiments were extended to dairy cattle, bee ^ 

sheep, goats, swine, and horses, here, too, it was shown that ^ 

production during pregnancy rises at a greater percentage rate a 
body weight In Holstein cattle it was found that the heat P r ” ^ j n 
rose 397c over the basal level, whereas the weight increased by 1 7°. 
Jersey cattle the corresponding values were 23 and 11%. respec ^ 
(41, 42) The investigations on the metabolism of sheep and goa s . 
showed a much greater rise in the metabolism than could be accou 
for by the increase in weight Brody (42) states that the heat pro ^ 
tion determined by pregnane) can be expressed by the formula y ^ 
4400 M 12 , where Q is the increase in heat production expresse 
hilocalones throughout the period of pregnancy and M is the weig 
the calf in kilograms at birth, furthermore, he found that the dai y 
increment rose progressively during the entire course of the pregn* ; 
With a weight at birth of 40 kg the heat increment of gestation M 
he estimated by the function keal/day = 216c 001 ' The quanti ^ 
estimated in this way (Table III) are of the same order of magmtu ^ 
as those calculated from indirect investigations on the transforms 
of energy after balance experiments with monozygotic heifer twins, 
of each pair being pregnant (161) . 

Is the heat increment of gestation exclusively due to the metabo ^ 
of the fetus, or is it a summation of the heat production of the fetus an 
an increased heat production m the maternal organism caused by p re o^ 
nine) 9 Some workers have arrived at the conclusion that the heat in ^ 
crcment is due exclusivel) to the metabolism in the products of c ° n ^ 
ccption (50, 130, 264), whereas others assume that the state of P re § 
mnej also leads to a rise in the metabolism in the extrautenne bssu. 
of the maternal organism (41, 57, 269) This latter view is now genera y 



NUTRITION AND REPRODUCTION IN DOMESTIC ANIMALS 


179 


accepted and based, inter aha, upon investigations in changes in the 
physiological condition of the maternal organism during pregnancy 
It may be mentioned here as an example that it has been shown m cattle 
that the content of protem-bound iodine (PBI) m the blood rose by 
20 to 25% during the period of pregnancy (161, 286), and this must 
be supposed to have caused a considerable rise in the evtrautenne 
transformation of energy In the same experiments the content of PBI 
m the fetal blood was found to be twice as high as that in the maternal 
blood 

TABLE III 

Estimation of toe, Order of Magnitude of Energy Useo for Fetai* Growth 

in Cattle ' 1 


Heat increment 
of gestation 


Energy de 
posited in 
Days after pregnant 
conception uterus^ 

Resting 

metab- 

olism, 

RMR® 

Basal 

metab 

olism, 

BMR d 

Intra 

uterine, 

BMR® 

Extra- 

uterine, 

BMR* 

Total 

energy 

used 

100 

40 

575 

425 


325 

615 

150 

100 

960 

730 

200 

530 

1060 

200 

235 

1670 

1270 


850 

1905 

250 

560 

2635 

2000 

900 

1100 

3195 

280 

940 

3550 

2700 

1400 

1300 

4490 


° Kcal/day 

b Calculated from energy deposition curves Daily energy deposition, kcal = 
7 24c0 01T4 days (161) 

c Calculated from Brody’s results Total heat increment, Q = 4400M 1 2 , daily 
heat increment kcnl =: 216c° 01 <*»:?« (41) 

a Calculated from Brodys results BMR = RMR 0 76 (43) 
e Calculated as in sheep, BMR = 20 kcal /kg (41 ) 

I Difference of BMR and intrauterine metabolism 

The extra requirement for energy resulting from pregnancy will con- 
sist of the following First, the amount of energy stored in the pregnant 
uterus (and mammary gland) and second, the amount of energy lost ns 
heat The latter can undoubtedly be subdivided into the following 
Energy requirement for maintenance of the pregnant uterus, energy 
necessary for placental transfer of fetal growth precursors and for con- 
verting those into fetal tissues, to which must further be added the rise 
in the cxtrauterine metabolism of the dam during pregnancy, a rise 
winch is presumably due to a change in tlie entire hormonal balance 
After a determination of the energy deposition m the products of 
conception at different times during pregnancy a curve like that shown 
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in Fig. 1 can be calculated. The calculated equation of the = 

\V = 416.2^° 0174t , where W is the content of kcal., and t, y 
conception. When the daily intrauterine energy deposition during 
pregnancy is calculated from this curve, the result is as shown 8 
The same figure gives the size of the heat increment o g 
throughout the period of pregnancy. 



Fig 4 Energy deposited in the pregnant bovine uterus and heat mcreme 
of gestation related to time after conception 

It is difficult to determine how much of the heat increment of g esta 
tion is of intrauterine origin and how much is due to the extrauten 
rise in the heat production. The first attempt to determine directly * 
respiratory metabolism of the mammalian fetus was made by Cohnste^ 
and Zunts in 1884 (57). In experiments with sheep fetuses they f°^_ 
that the oxygen content of the blood decreased by 4</o and its carbo 
dioxide content increased by 65? 0 during the passage through the febf 
From a determination of the velocity of blood flow they calculated tnc 
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oxygen consumption of tlie fetus, and concluded that the metabolism 
of the fetus was relatively lower than that of the dam. Bohr (32) at- 
tempted to elucidate the question by determining the oxygen consump- 
tion and C0 2 production of pregnant guinea pigs before, during, and 
after clamping the umbilical cord. On the basis of these rather rough 
experiments he assumed that the basal metabolic rates of the fetus and 
the dam expressed per kilogram of body weight, were of the same order 
of magnitude. Rubner supposed that his law of surface area (260) also 
applied in the prenatal life, a view which was supported by some authors 
(50, 259, 264), but not by others (18, 22, 41). To use Rubner’s law in 
calculations of how much of the heat increment of gestation is due to 
the metabolism of the fetus would seem to be inconsistent with the 
theoretical foundation of the law itself, as a fetus cannot be said to have 
a body surface in the physiological sense of the term. 

From the outstanding investigations on the oxygen consumption in 
fetal sheep by Barcroft and his group (17, 18), Brody et oil. (44) cal- 
culated the heat production in sheep fetuses. The values found strongly 
suggest that the metabolism of the fetus is not a function of the body 
surface, but rather a rectilinear function of the body weight. If it is 
assumed that the heat production per kilogram of body weight of a fetal 
calf is the same as that of a fetal sheep, and that the heat production 
is otherwise of the same order of magnitude in the fetal membranes and 
the uterine tissue, which is probable, the total intrauterine heat produc- 
tion at different times during pregnancy can be calculated. The re- 
sults of such calculations are shown in Table III, in which the calculated 
total heat Increment of pregnancy is also given. It may be pointed out 
that the energy requirement for development of the mammary gland 
and for any cxtrautcrine growth of tire maternal organism have not been 
included. In the case of the milk gland, the daily energy deposition may 
presumably be expressed by the function W = where 

\V is kilocalories per day, and t, days after conception. 

Calculations of this nature ore open to much criticism, as they arc 
based to a high degree on analogies and experimental results arrived 
at with animals of variable genetic backgrounds. 

The values of the calculated total energy given in Table III (the 
last column) will be equivalent to the amount of metabolizable energy 
required daily to meet the energy deposition In the uterus and the in- 
creased heal production. Furthermore, we must assume the maintenance 
requirement for metabolizable energy, stated by Armsby (0, 7) at about 
31.000 kcal. (a cow of 500 kg.). Some authors (200) have expressed 
the energy requirement for fetal growth as the number of net calorics 
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deposited during fetus formation As the lieat mcrem ^amount 
is inextricably bound up with the state of P r< jS n “ n ‘T seems most c or 
of energy necessarrly must be supplied by the fee , tabollza ble 

rect to express the feed requirement for fetal g«™ h conle nt 0 f 

energy Except for straw and other foodstuffs with a gl jts 

crude fiber, the net energy m a feed is from about 5 
content of metabolizable energy (39) t be 

In the case of pregnant heifers, where the energy e P os ' , 0 t ] ic 
milk gland is considerable, the amount of energy corresponaing 
energy deposition in the udder must be added to mee energl 

mum energy requirement caused by pregnancy This amoun the 

can be calculated from the function already mentioned ana * 
order of magnitude of 200 kcal (net energy) during the last m 
pregnancy 


B Sujinc 


1 Protein 


The first quantitative investigations on the influence of pregnancy^ 


the metabohsm in pigs were performed by Evans (92), 


a by Javans ^ 

out nitrogen, calcium, and phosphorus balances with pregnan 
It was found in these experiments that, even though the ni 
balances varied considerably, there was on the whole a positive m sl 
balance during the entire pregnancy, furthermore, the nitrogen ^ 


U« IMUW p^narruj, "" t . O 0 r * 

tion was of considerable magnitude especially during tne ras , 

u 1 r — ovnoHmp.nts and a rou 5 . 


weeks before term On the basis of the balance experiments and a 
estimate of the nitrogen content in the fetuses, Evans postulate, 


a considerable nitrogen deposition must have taken place in a 
to the amount deposited in tlie uterus and the milk gland T ^ 
not confirmed by subsequent experiments ( 211 ) Evans did not a ® ^ 
to use his results to establish or calculate the protein requiremen^^ 


fetal growth A few years later, however, this question was eluci 
by Mitchell et al (211) To determine the minimum nutritive ^ 
quirement for reproduction in pigs these workers undertook one 
analyses of pregnant uteri from gilts (Duroc Jersey, Poland China, ^ 
Hampshire breeds), which were killed from the 5th to 16th wee 


iniuijwiuit uitcua/, wmvii ntic ucu num me oui — 

pregnancy Furthermore, they performed nitrogen, calcium, and P^ 
phorus balances with pregnant gilts Tlie number of fetuses var,e ^_ 
these expenmen ts from 6 to 12 (average, 86) and, consequently, , 
corrected all observations to 8 fetuses The chemical analysis comp' 


determinations of crude protein, total ash, calcium, phosphorus, ^ 
iron The content on energy was also determined It was found J* 1 
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2 Minerals i etcr . 

a Calcium and Phosphorus Attempts line been mtdc t ^ 
mine the requirement lor calcium and phosphorus of pregn 
gilts, as for the protein requirement, by balance eapenmen ^ 
vestigations on the extent of tile intrauterine deposition ot 
stances during pregnancy Evans (92) performed balance c P 
with 5 pregnant sows (weight 230-300 hg ), some were fe . 

sufficient diet (about 20 g of Ca dail>), others a calcium ins 
diet (about 1 5 g of Ca daily) The supply of phosphorus was St n 
m both groups (about 10 g of P daily ) All balance exp 
showed a constant positive phosphorus balance throughout pr g ^ 
The sows receiving sufficient calcium showed a positive ca ciu 
ance in all experiments, which decreased as pregnane) adsance ^ 
calcium deficient sows had an alternating positive and nega v 
balance Unfortunately, most of tlie balance experiments were P ^ 
formed before the 80th day of pregnancy 1 c , before the deposi 0 
Ca and P is of an appreciable degree ( Fig 5 ) As already men 
Mitchell et al (211) also performed Ca and P balances with P re °^ p 
gilts fed a sufficient ration In these experiments, too, the Ca an^ ^ 
balances varied rather irregularly, although in several cases there " 
marled rise in the retention of Ca and P during the last third ot p 
nancy The cause of the varying results of the balance experimcn ^ 
undoubtedly associated with the technical difficulties in perform 1 o 
such experiments with sows and gilts in advanced stages of pregn« J 
As mentioned, Mitchell et al (211) and later De Vilhcrs et al t ^ 
undertook determinations of the content of Ca and P in the p r ®»^ e 
uterus at different times during pregnancy When the results ot ^ 
experiments (25 gilts in all) are adjusted to 10 fetuses, the curves ^ 
the total Ca and P deposition have the configuration shown in 0 
There is apparently, a good accord between the results of the ^ 
experiments, as was also true of protein The functions of the < ^ rV . 
show that the amount of Ca and P m the pregnant uterus increases a 
by 59 and 47%, respectively, further it appears that the deposition ^ 
these minerals in the pregnant uterus has reached a considerable deg ^ 
after the 10th to 12th week of pregnancy The daily deposition ot ^ 
and P can be calculated from the functions of these deposition c«r\ ^ 
The result of this calculation is shown by the dotted curves in F J g , 
If the utilization of the content of Ca and P in the ration is considere 
to be about 50 and 40%, respectively, the daily requirement of d 1 ®? 
minerals to meet the intrauterine Ca and P deposition becomes of 1 
magnitude shown in Table IV To these standards should be added tn 
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requirement for maintenance and growth (including also the deposition 
in the milk gland). The order of magnitude of this daily requirement 
is about 8 g. for both Ca and P. 

b. Iron. During pregnancy, considerable amounts of iron pass 
from the dam to the fetus, and iron is also used for the growth of 
the pregnant uterus itself. The magnitude of this deposition of iron has 
been elucidated by Mitchell et al (211) and De Villiers et al. (68) by 
chemical analyses of fetuses, fetal membranes, and the uterus itself. 
The results of these investigations, adjusted to 10 fetuses, are shown in 
Fig. 5. The daily deposition of iron in the pregnant uterus (Table IV) 
has been calculated by differentiation of the function of the curve of the 
total iron deposition. 

3. Energy 

As will appear from the preceding pages, die energy requirement 
expressed as metabolizable energy is equal to the sum of the energy 
deposited in the pregnant uterus and the milk gland, the heat produc- 
tion of the fetus, and the rise in the extrauterine heat production of the 
dam. Investigations on the amount of energy deposited intrauterinely 
have been performed by Mitchell et al (211) and De Villiers et al. 
(68). In the former case the energy content in the pregnant uterus 
was determined directly with the bomb calorimeter, while in the latter 
experiments the energy content was calculated on die basis of the 
chemical composition of the products of fetal formation, partly ac- 
cording to Armsbys mediod (6) and partly by means of a relation of 
tire energy content in dry matter with different nitrogen content de- 
scribed by Blaxter and Rook (24). These two methods gave fairly 
concordant results. 

When die above-mentioned direct determinations and calculations 
of the energy content in the pregnant uterus are adjusted to 10 fetuses, 
the energy deposition can be described by a function of exacdy die 
same nature as was found in the case of the other nutrients (see Fig. 
5). The function of the daily deposition is calculated by differentiation 
of the equation of the deposition curve (see Fig. 5). 

Investigations on the extent of the heat production determined by 
pregnancy in swine have been performed by Brody (41). He deter- 
mined the resting metabolism rate (RMR) in 6 pregnant gilts and cal- 
culated the heat increment of gestation by deducting from the total 
heat production the calculated resting metabolism for nonpregnant pigs 
of the same size and age (41). During the first weeks of pregnancy the 
heat production was not increased, but rather somewhat lowered, but 
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after the 4th or 5th week the pregnane)' caused an increased heat • pj^ 
duction, and this rose almost rectihncarly until term Thesiz ^ 
heat increment w as dependent on the number of fetuses T o o ^ 
m heat production during pregnancy maj be estimated by the u ^ 

Q = 4400V 1 2 , where Q is the heat increment in kilocalories, an ^ 
the weight of the litter at farrowing On the basis of a litter o * 
a weight at birth of 1 2 kg , the calculated total rise in heat P roduc * 
becomes 86 680 kcal If the heat increment is considered to rise r 
linearl) from and including the 5th week of pregnancy, the dai y ^ 
production determined by pregnancy can be calculated by the f ullC 
kcal /day = 20 X * — 450, where t is da>s after conception By adtufi 
the daily heat production thus determined and the daily energy 
position calculated from the deposition curve the values of daily ener^ 
requirement given m Table IV are determined To obtain a more , C 8. 
rect expression of the minimum energy requirement determin ^ 
pregnancy, the amount of energ) deposited m the milk gland must 
added, the latter is of the order of magnitude 100-150 kcal / day during 
the last 4 to 6 weeks of pregnane) The maintenance requiremen 
metabolizable energy for a sow of 200 kg is about 5000 kcal 

II The Influence of Malnutrition on the Development and 
Viability of the Offspring 

As previously mentioned pregnancy is a physiological condition 
which causes a considerable increase in the nutrient requirement o 
the dam especially during the latter half of the pregnancy Adequ 3 
nutrition of the pregnant individual is therefore, in animals as web 
in human beings of the greatest importance to the development or m 
fetus and thus to the viability of the newbom animal If the supply o 
nutrients is too low to cover both the maintenance requirement of tn e 
maternal animal and the requirement for development of the produc 
of conception the quesbon arises whether the bssues of the maternal 
animal or the fetal tissues have the greater priority on the nutrients 
circulahng in the blood of the maternal organism After Childs demon 
strabon (52) that the distribubon of the nutrients to the separate tissues 
and organs of the animal organism is related to the metabolic rate ° 
these tissues and organs, and following McMeekans demonstration 
(203) that vanabons m the supply of nutrients do not influence all 
organs to the same extent Hammond (128) put forward his “theor) 
of priority of parbhon of nutrients ” According to this theory, fetuses 
as a whole have a first priority owing to them relatively high metabolic 
rate Further, according to this theory, any state of nutrition which 
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determines that the content in the blood of specific nutrients tends to 
fall will cause the maternal organism to mobilize nutrients from its 
own tissues to meet both the extrauterine and the intrauterine feed re- 
quirement for maintenance and growth. There can hardly be any doubt 
that this is actually so in principle (300, 301). But the growth and 
development of fetuses are, however, in no way independent of the 
nutrition of the dam. The fetus is “parasitic” on the mother only to a 
certain limit; if the labile reserves of dam nutrients decrease beyond 
this, the growth and development of the fetus will be inhibited; on 
the other hand, a supply of nutrients in excess of the requirement will 
not cause any additional fetal growth (73, 127). 

The factors on which the nutrition of the fetus depends are: (a) 
the content of nutrients in the maternal blood; (b) the irrigation co- 
efficient of the uterus; (c) the velocity constant of transplacental passage 
of nutrients and metabolic products; and (d) the exchange area in the 
placental barrier. If the content of nutrients in the maternal blood is 
sufficient, and if we consider that the velocity of exchange per unit of 
area at a given time of pregnancy is constant, regardless of the size 
of the area, the factor limiting the nutrition of the fetus will be mainly 
the size of the maternal and fetal placental contact. Hammond (127) 
showed that the weight at birth of single lambs was about 25 to 30% 
higher than that of individual twins, and the weight at birth of the 
latter was about 8 to 10% higher than that of individual triplets. The 
weight at birth of individual calf twins is also about 20 to 30% lower 
than that of single calves. In the case of animals giving birth to litters, 
such as swine, rabbits, and rats, the weight at birth of the single in- 
dividual is generally inversely proportional to the size of the litter. This 
must undoubtedly be attributed to the placental conditions. In sheep 
which are pregnant with two fetuses of different size, the fetal mem- 
branes of the larger fetus are generally larger than those of the smaller 
(80, 301); in the case of swine the membranes of the individual fetus 
are generally from 20 to 30% heavier when there are 5 or 6 fetuses 
than when there are 10 or 11 (68, 124, 125, 202, 226). The well-known 
phenomenon that mares carrying two fetuses often miscarry in the 
7th or Sth month of pregnancy may presumably he explained by the 
placental area of exchange becoming too small to meet the requirement 
at the time when the fetal growth increases very considerably. In 
other animals, including cattle, sheep, and swine, a too small placentnl 
area of exchange is hardly a common cause of intrauterine mortality or 
abortion. 
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A Gross Underfeeding 
If a pregnant animal is fed a diet insufficient v 
protein and possibly other factors of nutrition, tl 
to an inhibition of the development of the fetuses 
viability of the newborn animals (127, 151, 202) 
ent on the degree of the insufficienc), the extent 
wall depend on the time during pregnancy at \Mncii me 
present and on the state of nutrition of the maternal *™ inn 
onset of the period of deficiency That a decidedly lnsutficicn ^ ^ 
of feed throughout the period of pregnane) , or c\ cn during P 1 , c ’ 
reduces the birth weight and the viabiht) as xx ell as the mi p r _ 
tion of the dam and thus the growth rate of the offspring iaS . 
shown in experiments with rats (323), rabbits (246) sheep ( , ' 

swine (129), and cattle (73) Tins has been elucidated especially? 
Wallace (300, 301) in experiments with pregnant sheep, some o 
were fed considerably over the maintenance requirement others ^ 
siderably under, both with regard to energ) and protein, from 1 c 
day of pregnancy to term Some ewes were kept on a low level o 
tion during the first part and on a high plane during the last - , 

of this period Other ewes were dealt with in the reverse order ^ 
lace’s extensive experiments showed that the nutrition of the ewes 
the 28th to the 91st day of pregnancy exerted no appreciable influen ^ 
on the development of the fetuses Underfeeding during the ’ as ^ 
months of pregnancy caused the ewes to be highly emaciated m *>P ^ 
of this the intrauterine growth continued, although greatly depresse , 
that the average birth weight of the lambs had been reduced to a 
half the optimal weight Even though all the fetal organs of the un 
nourished fetuses weighed less than those of the sufficiently fed, s01 
fetal tissues were more severely affected than others The central nerv 
ous system and the heart competed more effectively for avai* a 
nutrients than, for instance, liver tissue and muscular tissue During 1 ^ 
period of deficiency the weight of the fiver increased only by 8$> 
the optimal and weighed at term only about one third as m uC *Vj\ 
fetal fivers of lambs from ewes which had been sufficiently fed T 
impaired development of the liver was probably due exclusively ? 
deficient supply of protein It has been shown in human beings (27 I 
that the weight of the fetal fiver bears a closer relation to the prote^ 


Util rcg-ml to Cilones 
Ins will generally l« d 
and a lowering ol the 
Besides being depend 
_r Itirmful effect 


intake of the mother than to her over all dietary intake 

In cattle (73 165) and sheep (3 127, 290), underfeeding 
not too pronounced or of only short duration causes no, or onlv a slight 
decrease of the growth rate of the fetuses, this is no doubt due to the 
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fact that the content of nutrients in the maternal blood is kept at a 
normal level by mobilization from the body reserves of the maternal 
animal. In sheep, underfeeding, especially during the last few weeks 
before lambing, leads to a highly increased tendency to toxemia of 
pregnancy (102, 150, 241, 290). In multiparous animals like rats (262), 
swine (129, 146, 163), and mink (239), even relatively slight under- 
feeding will lead to a reduction of the birth weight and viability of the 
offspring and of the milk production of the dam. 

B. Protein 

The importance of an adequate protein intake in maintaining normal 
pregnancy is generally recognized, although the pathogenesis of the 
harmful effect of protein deficiency during pregnancy is incompletely 
understood. The effect of an insufficient protein supply on the fetal 
development is determined not only by the degree of the insufficiency 
but also by the time during pregnancy when it is in evidence. 

If pregnant rats are fed a diet containing 5%, or less, of protein from 
the day of mating, this will lead to a high embryonic death rate, poor 
development of the mammary glands, and depletion of the protein 
reserves of the dam, including a great fall in the protein content of 
the serum (63, 226). The offspring are markedly underweight, but 
otherwise normal. If the protein deficiency is not in evidence until 
after the 7th or 8th day of pregnancy, the embryonic death rate will be 
only slightly increased, but the offspring are born greatly underweight. 

To secure optimal fetal growth, development of the mammary glands, 
and milk production in rats the ration, should contain at least 10% 
protein (63, 226, 275). It has been found in experiments with minks 
(239, 240) that the average size of the litter was 6.1 when the dry feed 
contained 50% of protein, as compared to 5.3 when the protein content 
was 40%. 

In ruminants an inadequate protein supply during pregnancy may 
lead to a decreased fetal growth rate and reduced vitality of the off- 
spring. In experiments with sheep (3, 119, 200, 289) it has thus been 
shown that a restricted protein nutrition throughout pregnancy, or even 
during the last 2 months before lambing, caused an increased percentage 
of stillbirths, considerable reduction of birth weight, and high mortality 
in the offspring. In ewes bearing a single fetus the weight at birth was 
25% lower than in lambs borne by optimally fed ewes (289). The 
lowered viability of the lambs was due not only to the fact that they 
had a lowered vitality but also that the ewes were weakened after par- 
turition, lacked maternal instinct, and had a low milk production. In 
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ewes carrying twins the individual birtl, weight was rcduced by apPJ™ 
mately 33*. h=* vitality and maternal vitality were seriously imp ^ 
the development of the udder was poor, and there was har > X ^ 
production Further, an insufficient protein intake will lead ^ 

plasma protein values in botlr ewes and fetuses (64, ) ,t»oletli>n 

also true in cattle, shows that the deficient diet Ins caused P 


of the protein reserves of the maternal organism a 

In pregnant sows and gilts, a lowered protein supply du fe r «j 
nancj also results in a lower birth weight, a higher percentage 
births, lowered viability, and less udder development and mi P j 
tion (66, 94, 129, 163) If the protein deficiency is not too P r0t ‘ 0 f 

so that the requirement of the fetuses is covered by mobi 1 
the protein reserves of the maternal animal, the birth weight an ^ 

lty of the offspring will not be appreciably reduced, neverthe ^ 

condition causes debilitation of the mother, a lowered milk pro 
and also a lowered growth rate of the suckling pigs In this c °^ urjn g 
it may be mentioned that an excessively high protein supply o 
pregnancy seems to increase the embryonic death rate in pig s t- 


C Minerals 

1 Calctum and Phosphorus ^ 

Calcium and phosphorus are undoubtedly the minerals whose^^ 
portance to the function of the reproductive organs has been t ie 
ject of the greatest number of investigations The literature con ^ 
numerous reports on experiments showing that Ca and P deficiency ^ 
tails severe disturbances in the reproductive ability of animals ** 
case of Ca experiments with laboratory animals indicate that the^ 


have a pronounced priority over the maternal animal In rats (1^» ' 
a very low Ca intake during pregnancy caused stillbirth and death 0 ' 
young soon after birth, m most experiments, however (30, 70, 79, 

Ca deficiency has not resulted in reduction of litter size or appreciab e 

a lo" ei 


m the number of stillbirths, even though the deficiency may cause 
ing of the content of crude ash in the offspring This discrepancy & 
possibly be due to a different composition of the diet m other resp e 
infer aha, w ith regard to the vitamin D content ( 278) Among the e*P e 4 
ments reported, that of Ellinger et al (79) is especially instructive 
nf rale r ( 7„ .1 1 ' * _____ W,,n1es a 


groups of rats received for a period covering 3 reproductive cycles a ■ * 

0 04% The size of Utters, weight 


with a Ca content of 0 79, 0 57, and 0 04% me size or uu*»», " — o ^ 
bones, and number surviving to weaning were the same on all Ca lev e ^ 
but weaning weights were considerably lower in the offspring of ra 
receiving the diet poor in Ca This was presumably due to low ered 1111 
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production. When the diet contained only 0.04%, the withdrawals of 
ash substances from the skeleton over three gestation-lactation cycles 
amounted to approximately 50%. According to previous experiments 
(31), the total Ga content of litters borne by rats fed a low Ca diet 
might amount to approximately tliree times the total Ca intake of the 
mother during the period of pregnancy. Such a mobilization of minerals 
from the skeleton must undoubtedly be due to an increased secretion 
of the parathyroid hormone resulting from a fall in the Ca content 
of the blood plasma (29). That a deficient Ca intake in pregnant ani- 
mals soon results in a fall in the Ca content of the plasma has been 
shown in both swine (92) and ewes (101, 142). 

A number of investigations (66, 92, 93, 94, 145) have shown that 
the Ca intake of pregnant sows may influence the viability of the off- 
spring and the milk production of the sow. In Evans* (92) previously 
mentioned experiments with pregnant gilts and sows, which were fed 
a Ca-insufficient ration (about 1 g. of Ca daily) throughout several 
gestation-lactation periods, it was found that the Ca deficiency did not 
appreciably reduce the litter size or the birth weight, but the number of 
stillbirths was high and most of the pigs born alive died in the course 
of the first 24 hours after birth. This was undoubtedly due partly be- 
cause they were weak at birth and partly because the sows did not 
produce any milk. In these experiments the Ca content in the blood 
plasma of the sows fell to half the normal, and they presented the 
characteristic symptoms of rickets. They had great difficulties in farrow- 
ing. Similarly, in subsequent experiments with pregnant gilts (66) 
fed a low Ca diet (2 g. of Ca daily) but otherwise receiving sufficient 
feed from die age of about 6 months and over 2 or 3 gestation-lactation 
cycles, it was shown that even though the litter size was not reduced, 
the offspring were debilitated and the number stillborn was high. Fol- 
lowing a third pregnancy, during which the Ca deficiency was very 
much in evidence, the stillbirth rate was approximately 50%. In these 
experiments, too, the Ca deficiency caused pronounced inhibition of 
udder development and serious reduction and eventual failure of milk 
production. 

With regard to the influence of the Ca intake on the function of the 
reproductive organs in ruminants, the results of the available experiments 
arc rather contradictory. It was found in some experiments (101) that 
an insufficient supply of Ca to pregnant ewes (about I g. of Ca daily) 
led to a pronounced fall in the Ca content of the blood plasma and 
deliver)' of greatly debilitated or stillborn lambs. In other and more 
extensive experiments (71, 142) where the Ca intake was of the same 
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order of magnitude (about 14 g of Ca &>''./)■ thc i”did not 

caused a fall in the content of Ca in the blood, however, J(weted 

result in stillbirths, debilitation of the lambs, or an a PP““"f was 
milk producbon The necessary Ca for fetus- and milk-pro ^ 

mobilized from the skeletal system, in which the content o ^ 

fell by about 20% The average loss of Ca in the lamb and Ca 

branes is approximately 90 g per ewe (251), and die ^ vera S , 0 f the 
deposition in the products o£ conception during die last to0> 

pregnancy is of the order of magnitude 1 5 g In the case o « 
some observations (132, 261) are available, they suggest a 0 f 


lUSClVdtlUUO V — v/a- / '• >» ■ — ’ J uu naUSS 

supply of Ca under practical feeding conditions may be ie mQfe 
stillbirth or birth of nonviable offspring, whereas other and 


buuuui.ii UI unui ui oregD 301 

extensive investigations do not suggest that Ca deficiency i the 

cows leads to disturbances in the fetal development or lowering ^ 

viability of the newborn calves (26, 27, 96, 236) These dufe^ 0 ^ 
results ma) possibly be due to a different supply of vitamin 
animals 


11 r'lUSe 3 

As will be mentioned later, phosphorus deficiency may tQ 


se\ere impairment of the fertility of animals, this is primarily ' ^ 

depression of heat symptoms and lowered conception rate y 
mals are pregnant in spite of the phosphorus deficiency, the lat er,^ ^ 
the Ca deficiency, apparently does not cause abortion or lowering 


wabilit) of the offspring in either rats (113) or cattle a ] 0 w 


Numerous authors have discussed the question as to 


Ca intake during pregnancy may be the cause of the occurrence ^ 
toxemias of pregnancy in ewes and milk fever in cows and sows AT^ 
27, 28, 105, 139, 237, 255) It can be concluded from the mvesbga 
reported that a low Ca intake during pregnancy hardly predisp ^ 
to the above mentioned pathophysiological conditions, it is even p ossl ^ 
that a high Ca intake in conjunction with a high vitamin D supp 
pregnant cows may be a contributory cause of the development or ^ 
fever since a prolonged high Ca serum level lowers the function o 
parathyroid glands 


. be the 


It is doubtful whether anemia caused by iron deficiency ma) o c 
cause of mfertiht) , but there is no doubt that deficient^ of this 
factor in the feed of the pregnant animal may lead to a decreas 
viabiht) of the offspring 

In investigations on rats an early experiment showed that iron < 
ficienc) anemia in the maternal animal gave rise to anemia «i 
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fetuses, fetal death, and abortion (95). This has not been confirmed in 
subsequent experiments, although it has been shown on one occasion 
in rats (314) that pronounced anemia caused by repeated bleedings 
produced disturbances in fetal development, increased embryonic mor- 
tality, and retarded the growth of the offspring. Such a marked effect 
of iron deficiency will hardly occur under natural conditions; according 
to most of the experiments reported, an insufficient supply of available 
iron during pregnancy apparently influences the dam to a higher degree 
than it does the fetus. It has been found both in man (282) and animals 
(266, 270) that under such conditions the fetus is able to produce an 
anemia in the mother, whereas the hemoglobin level of the fetal blood 
is normal. This, however, does not mean that an iron deficiency in the 
dam is of no significance to the offspring. Even though anemic mothers 
may bear offspring with a normal hemoglobin level, it will be born 
with a subnormal content of nonhemoglobin iron in the liver. The 
quantity of iron deposited here may presumably amount to as much 
as 25% of the total body iron (297). Since the iron in the liver, as 
already supposed by Bunge in 1893 (47), serves as a very important 
iron reserve at least in some animals, a low iron level in the liver of 
the newborn animal predisposes the offspring to anemia during the first 
part of the extrauterine life, when the milk poor in iron is its only food 
and the growth rate as well as the iron requirement are high. 

In all species of animal there is a fall in the hemoglobin content 
of the blood during the first part of the extrauterine life, regardless of 
the iron supply to the dam and the newborn individual. This physio- 
logical anemia. is ^teanmahly in all eaae.Wj.nla due to a. xeplaeemeWi of 
the fetal hemoglobin, which has a high oxygen capacity, by adult hemo- 
globin, with a lower oxygen capacity. If the animal is born with de- 
fective stores of iron, and receives no iron during the first days of life, 
a simple iron deficiency anemia will be added to the physiological 
anemia. This will often cause the content of hemoglobin in the blood 
to fall to the critical limit, the growth rate of the offspring is reduced, 
the resistance to infectious diseases is lowered, and the result is a high 
mortality. This condition is well known especially in swine (2, 162, 
167, 201, 271) reared in concrete pens, and can be counteracted by 
administration of iron to the baby pigs (2, 271). 

Numerous experiments have been performed, especially with swine, 
to elucidate the influence of the iron intake of the dam during preg- 
nancy on the congenital stores of the offspring and on the hemoglobin 
content during the first weeks of life (99, 131, 271, 298). The conclusion 
may be drawn from these experiments that if the clam’s iron requirement 
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for maintenance and fetal growth is covered, or, m pica m 

there is no tendency to anemia in the dam even an unp > ^ 

high supply of iron will not cause the offspring to be born ^ ^ ^ 
iron stores or the iron content in the milk to rise (-9b) cnrnboo 

accord with the modem view of the principle of the iron re p ^ 
according to which iron is “a one way substance, whose resorp 
regulated to a higher degree b> the requirement of the amm 
by the iron content m the intestinal lumen (297) Never the ess, 
been found in a number of experiments that a high iron supply °F ^ 
nant gilts and sows essentially counteracts the development o 
anemia in young pigs during the first few weeks after birth t0 

undoubtedly be due to the fact that in these cases the pigs are bo ^ 
an environment rich m iron owing to the large fecal excretion o 


of the mother - 

Parenteral administration of iron during the last part of prega ^ 
apparently does not increase the iron stores of the offspring 
were the case, it would be expected that a high serum iron leve 
dam would lead to a rise m the serum iron level of the fetus l lus 
not seem to be the case in women (249) or sows, no relation has ^ 
found in the latter between the serum iron levels of the dam an 
fetuses, the level of the latter being about half as high as that o ^ 
maternal blood In experiments with sows receiving during the ^ 
part of pregnancy up to 2 g of iron intramuscularly in the form o 
complex ferric hydroxide citric acid compound, it was estimated 
under 15% of the total iron content of the fetuses or the fetal ive 
originated from the iron administrated parenterally, and the iron con^ 
tent in the liver of the newborn pigs was independent of the amount 
iron injected (221) It may further be mentioned here that it is proba ^ 
in the case of sheep that twins may be bom \\ ith quite different conten 
of iron stores in the liver (18), a fact which is inexplicable at this tune- 


3 Copper 

The content of copper increases considerably m the liv er ( 26S ) ^ ^ 
the blood plasma (218, 231, 251) during pregnancy This suggest 
copper must be of essential importance to pregnane} According 
results of numerous experiments, a sufficient supply of copper is nece* 
sat} to obtain normal fertility, fetal development, and viability of 
offspring This is not surprising, considering the fact that copper is ie [ 
quired for normal hemoglobm synthesis (81, 185, 317), and also 
part of oxidation enzymes oE vital importance As in the case of mui 
a certain amount of copper is stored in the fetal liver under normal condi 
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tions during pregnancy, so that the content of copper in the liver is 
high at birth (46, 151, 218, 313). The size of this store may be influenced 
considerably through the copper intake of the mother (61, 218). In 
pronounced copper deficiency in cattle and sheep the content of stored 
copper in the fetal liver may fall to a fraction of the normal, which is of 
the order of magnitude of 200 to 250 fig. Cu per g. of dry matter (62, 
185). Milk has a low copper content. In sheeps and cow's milk it is of 
the order of magnitude of 0.2 mg. per liter, and in the case of pro- 
nounced copper deficiency it may fall to 0.02 mg. per liter (19). 

Copper deficiency in ruminants may apparently be due either to 
a deficient copper content in the ration or to an excessive content of 
molybdenum, which blocks the biochemical function of copper in a 
manner that has not yet been fully elucidated (4, 185). When pregnant 
cows have a "simple” or a “conditioned” copper deficiency, a lowered 
appetite results, and sometimes diarrhea and mild anemia. The new- 
born calves are debilitated. They have a tendency to fracture of the 
long bones and ataxia (62, 296); apparently, however, the latter symp- 
toms are not characteristic of hypocuprosis in calves. The same symp- 
toms may be seen in calves borne by cows which have shown no signs of 
hypocuprosis. Pregnant sheep appear clinically normal in spite of 
marked depletion of copper. Thus the effects of copper deficiency of 
the ewe are seen only in the lamb; severe cases of the latter develop a 
spastic paralysis (neonatal ataxia, “swayback”), caused by cerebral de- 
myelination and degeneration of the motor tracts in the spinal cord. In 
other cases, hypocuprosis in ewes only causes debilitation of the lambs 
and, as in calves, an increased tendency to fragility of the bones (62, 
185, 296). Simple and conditioned copper deficiency in cattle and 
sheep is known in all parts of the world ( 4, 62, 185, 273 ) ; it can be coun- 
teracted by adding copper salts to the feed or by topdressing of pastures 
with copper sulfate (62). 

4. Cohalt 

Cohalt deficiency is known only in herbivorous animals, and among 
these almost exclusively in ruminants (296). The importance of this 
mineral to these animals undoubtedly depends upon the fact that it 
forms part of vitamin Bn, which is synthesized by the bacteria in the 
lumen of the alimentary tract, especially in the rumen. It is possible 
that cobalt, besides forming part of vitamin Bn, is of importance to 
die normal growth and metabolism of the microorganisms. Cobalt de- 
ficiency in cattle and sheep causes their appetite to fail, they lose condi- 
tion, and most frequently become anemic. Even a pronounced cobalt 
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deficiency apparently does not cause increased 
cattle or sheep, but the viability of the offspring 


fetal mortality in either 
is much lowered (lw) 


5 Manganese eased 

In experiments with rats manganese deficiency may lead to in _ cr ^j e 
embryonic mortality and delivery of greatly debilitated otts P" n |’ 3 ^ 
at the same time the milk production of the dam is lowered (. ’ , ’ 

235, 262) It has not yet been elucidated with certainty " ^ 

manganese deficiency in animals like cattle and swine maj a s° 
cause of increased prenatal mortality or lowered viability o ^ 
spring although some few authors have reported that manganes ^ 
ficiency may be the cause of slightly reduced fertility in swine ( 
well as in cattle (23, 296) 


o iodine . 

A deficient iodine supply causes compensatory hypertrophy 0 ^ 
thyroid gland, simple goiter This condition may be followed >> * g 
content of thyroid hormone in the blood and body tissues and . 
lowered metabolism As pregnancy and lactabon make special dema ^ 
on metabolism, an insufficient function of the thyroid gland 0 '' nI *° teS 
iodine deficiency will be especially senous m these physiological s 
Further, an insufficient iodine supply to the dam also causes the io 
supply to the fetus to become inadequate The fetus, too, deve ^ 
simple goiter and hypothyroidism Owing to this condition the 
may die, or it may be bom with infanble myxedema, cretinism ^ 
turbances in the power of reproduction of animals due to iodine ^ 
ficiency are well known in those parts of the world where there lS 
deficiency of iodine in the soil and the drinking water (296) Hyp®' 
tliyroidism may also be caused by unbalanced feeding with foodstu 
which, hke yellow turnips and soybeans, contain specific goitr og e 
substances (25, 51) 

D Vitamins 

According to numerous experiments, an adequate supph 
fat soluble and water soluble vitamins to the pregnant animal is ne< T 
sar) to obtain normal fetal de\ elopment and normal viabihtx of ^ 
offspring Among the fat soluble vitamins a deficiency of vitamins A 
E, and of the water soluble vitamins, a deficiency of vitamin Br n 
flavin, and pantothenic acid are especially likely to cause disturban 
in the fetal development and the viability of the offspring A suffi« eI1 
supply of these accessory nutrients to the pregnant animal is therefo rC 
not onl\ of theoretical importance but also of practical concern 
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1 Vitamin A 

That vitamin A deficiency leads to disturbances in the normal func- 
tion of the reproductive organs was first shown by Evans and Bishop 
(88) They found that this deficiency caused persistent cormfication 
of die vagina in female rats Since then numerous experiments have 
been performed to illustrate the importance of vitamin A to the fertility 
of animals, the fetal development, and the viability of the offspring 
In experiments with rats Mason (188) and several others (49, 228) 
found that a pronounced deficiency of vitamin A or carotene m the 
diet caused degenerative changes m the fetal membranes, death of the 
fetuses and resorption Some vitamin A-deficient rats went to term, in 
these cases pregnancy was often considerably prolonged beyond the 
normal 21 days Labor was also abnormally long and followed by 
excessive uterine bleeding The offspring were stillborn or very de- 
bilitated 

In the cases where the deficiency did not cause fetal death, mal- 
formations of the offspring of varying degree were frequently observed 
These congenital malformations are most frequently anophthalmos, mi- 
crophthalmos, harelip, cleft palate, malformed or misplaced kidneys, 
cardiac abnormalities, and diaphragmatic hernia Of these, the ocular 
and urogenital lesions are most frequent, at least in rats ( 157, 306, 307, 
308) Wilson et al (315) studied the effect of vitamin A administration 
to deficient rats on different days of pregnancy, and considered that the 
teratogenic effect of vitamin A deficiency is exerted primarily on the 
process of organogenesis rather than on the presumptive but undifferen- 
tosisnafe Ocutax xemA anomalies, and diaphragmatic hernia 

were prevented by giving vitamin A on the 10th day of pregnancy In 
pregnant rabbits, as in rats, vitamin A deficiency causes degenerative 
changes in the placenta, fetal death, and resorption, but in these ani- 
mals a deficiency of tins vitamin during fetal life may also cause severe 
developmental anomalies m the nervous system Millen et al (170, 
207, 208) found hydrocephalus in up to 80% of young rabbits borne by 
mothers depleted of vitamin A, and increased cerebrospinal fluid 
pressure was found m some young which were not hydrocephalic 
Whether the increased cerebrospinal pressure and the hydrocephalus 
are consequences of a stenosis of the cerebral aqueduct or due to an 
excessive production of fluid from the choroid plexuses, is not known 
(214) In rats as well as in rabbits (169) the above mentioned disturb 
ances in the reproduction of the animals will occur in many cases before 
the mother shows distinct symptoms of A avitaminosis 

Although the importance of \itamm A to the pregnant animal has 
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been most thoroughly studied m laboratory animals, ther f cbon 
that deficiency of this vitamin also causes disturbances in 
of the reproductive organs m domestic animals, such as pigs 
nants In the case of cattle Hart and Guilbert (136) repor e ntWia ble 
mm A deficiency caused fetal death, abortion, or birth o n ^ye 
calves, with frequent retention of the placenta These nn in S t 
been confirmed later m all essentials (60, 204, 206, 257) In 
ewes depleted of vitamin A all lambs are stillborn, or dm s 0 7 
birth (116, 137, 210) As the animal is able to store considerable q ^ 
titles of vitamin A, the deficiency must have persisted long e ^ 
causes reproductive disturbances Pierce (242) thus found in ex P^ 
ments with vitamin A deficient sheep that lambing did not become ^ 
fective until after two previous successful pregnancies In sows 
nounced vitamin A deficiency will often lead to prenatal death or 
of pigs with low viability (108, 153, 232) In cattle (133, 205, 25 , 
and swine (20, 38, 108, 122, 123) vitamin A deficiency during P re S n ^ ^ 
may lead to congenital malformations, such as aplasia or hypopl® 51 . 
the eyes or other ocular defects, developmental abnormalities 01 t 
neys, harelip, cleft palate, and other anomalies In swine some e*p ^ 
ments showed that debilitation of the offspring owing to vitamin ^ 
ficiency did not develop until after the dam had been almost deple e ^ 
vitamin A by being fed a vitamin A free diet throughout several I* ^ 
nancies, and after the vitamin A content in the liver of the sow had a 
to such low values as 7 I U per g of liver (38) In other expenmen ^ 
chiefly performed with gilts, the above mentioned malformations ' ^ 
found in pigs borne by apparently normal dams ( 108) This, like the ^ 
pcnments with rats mentioned above, suggests that the vitamin A ^ 
qmrement for successful reproduction is higher than the requirements ^ 
maintenance of the mature animal Even though some of the maff onn 
lions caused by vitamin A deficiency, such as ocular defects, may he sc ^ 
under practical feeding conditions, they are difficult to produce & 
pcnmtntally This may be due to the fact that the deficiency must 
especially in evidence during the first part of the pregnancy ( 122, 
but it should be home in mind that congenital malformations o 
nature mentioned may arise from deficiencies of other nutrients (167) 
may he due to hereditary factors or to infections r 

Animals are bom with rather small vitamin A stores, but under no 
mal conditions they receive a considerable amount of this vitamin 
the colostrum Although an abundant supply of this vitamin to ^ 
pregnant gilt or sow produces a rise in the vitamin A stores in the * IV ® 
of the newborn pig (221), the content of this vitamin in colostrum 
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seems to be more dependent on the supply to the dam during pregnancy 
(143, 221). 

2. Vitamin E 

In the case of vitamin E deficiency in pregnant rats the fetuses die 
during the latter half of the pregnancy and are resorbed (262). Whereas 
vitamin A deficiency gives rise to lesions of the placenta, fetal death, 
and, most frequently, abortion, vitamin E deficiency primarily causes 
lesions in the fetus without ensuing abortion. The symptoms of vitamin 
E deficiency have been studied almost exclusively in experiments with 
rats, as a deficiency of this vitamin in the diet apparently plays no 
appreciable role in the function of the reproductive organs in other 
animals. It has thus been found that the reproductive ability of rumi- 
nants (118, 247, 316) and rabbits (195) was entirely normal, even 
though they had been fed a ration practically free from vitamin E for a 
prolonged period. It is possible that vitamin E deficiency in pregnant 
gilts may be the cause of fetal death and lowered viability of the baby 
pigs (1), but on tlie whole a deficiency of this vitamin hardly plays any 
appreciable role as a cause of infertility in domestic animals. 

3. Vitamin D 

During both fetal and extrauterine life vitamin D is of importance 
in Ca and P metabolism. A sufficient supply of vitamin D to the 
mother apparently causes the offspring to be born with larger stores of 
this vitamin. On the basis of investigations both with laboratory animals 
(105, 258) and domestic animals (302) an insufficient supply of vitamin 
D to the pregnant individual is assumed to lead to lowered vitality of the 
offspring and greater risk of rickets. 

4. Vitamin K 

The intestinal bacteria will normally synthesize sufficient vitamin K 
to meet the requirement of both the dam and the fetuses. But in cases 
where animals are fed on a vitamin K-free synthetic diet for a prolonged 
period the bacterial vitamin K synthesis may become insufficient, and 
disturbances in the function of the reproductive organs may develop 
owing to a lack of this vitamin. These disturbances have been described 
in the case of rats (45), rabbits, and guinea pigs. In one experiment 
with rabbits the vitamin K deficiency caused hemorrhages in the decidual 
plates of die placenta and abortion (213); in another it caused either 
abortion or extensive hemorrhages in the offspring of both rabbits and 
guinea pigs ( 147, 14S ) . 
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5. Vitamin B Complex 


Considering the importance of the vitamin B ^^^."t^factors 


ary metabolism, a pronounced deficiency of one or m > ^ thc 

obviously will directly or indirectly cause severe di_ i„ 

development of thc fetuses and thc viability of the offsp S ^ 
many cases a deficiency of one or more of these vj ^ in 

, t_.-i.i~. ti,;c cnnms especially to be w in . 


loss of appetite and inanition. This seems especially lS es 

pronounced thiamine deficiency. When such a dcficic > 


fertility, this is undoubtedly due to inanition (83). oV ula- 

In female rats, deficiency of riboflavin causes no re uc i ... , an d 
ion rate or implantation, but results in a high prenatal m ‘ J . 


tion rate or implantation, but results in u uigu corn- 

congenital malformations of the offspring. These mal o * ^ t j, c 


prise cleft palate, shortening of the mandible, dcfccUvc Sj°'^ vine> to0t 


long bones, and other anomalies (100, 227, 303, 304, 30o). n j cina . 
riboflavin deficiency causes fetal death, or birth of nonvia j ca d 

tous) pigs (83). In milder cases thc deficiency may Jt is n ot 

to lowering of the birth weight and viability of the pigs (- /* 0 f 

known whether riboflavin deficiency may also be the cause o s()roe 

pigs with lowered viability under ordinary feeding conditions, 
observations suggest this. # re <mah c ) 

When rats are fed a vitamin Bo-frcc purified diet during p ^ 
and lactation, the suckling young develop nervous disturbanc 
epileptiform seizures (225, 238). - n the 

Deficiency of pantothenic acid leads to severe disturbance ^ ^ 
reproduction of animals. In female rats a pronounced deficiency ^ or p_ 
vitamin will cause disturbances in implantation, fetal death, an 
tion. If the deficiency is less pronounced, or is not in evidcnc 
after the middle of the pregnancy, thc litter size will usually be n g, 
but the viability of the offspring is very much lowered (224). n cause s 
nant swine a clinically recognizable pantothenic acid deficiency ‘ . 

fetal death and resorption (144). Ullrey et al. (295) showed. i° 
ments with gilts that they developed symptoms of pantothenic a ^ 
ficiency if the diet contained 5.9 mg. of pantothenic acid or - 
kilogram. When the diet contained 1.5 mg. of this vitamin per ki 
gilts failed to conceive. Gilts receiving 5.9 mg. per kilogram ^ 
conceived and carried their litters to term, but the offspring showe ^ 
of pantothenic acid deficiency, such as locomotor incoordination 
hind legs and “goose-stepping” a few days after birth. More than ^ 
the offspring died shortly after birth. Offspring of gilts receives ^ 
mg. of pantothenic acid per kilogram of ration were normal. The $ 
tively high pantothenic acid requirement for normal reproduction 
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it probable that a pantothenic acid deficiency may occur under practical 
conditions. 

Generally accepted for many years is the concept that foodstuffs of 
animal origin have a higher nutritional quality than the vegetable food 
sources, at least for some species of animal (322). This is undoubtedly 
due to the differences in the biological value of the proteins and to the 
fact that animal foodstuffs generally contain vitamin B l2 (animal protein 
factor). That an admixture of pure vitamin Bi 2> or of a feed containing 
this vitamin, to a purely vegetable feed may exert a favorable effect on 
the reproductive power of die monogastric animals, has been shown in 
numerous experiments both of theoretical and of a more practical 
nature. In experiments with female rats a deficiency of vitamin B 12 
causes increased embryonic mortality and lowered viability of the off- 
spring (176, 322), and a deficiency of this vitamin in pregnant rats may 
possibly cause congenital malformations such as hydrocephalus, ocular 
anomalies, and bone defects (109). Experiments with gilts and sows 
have shown that vitamin Bi 2 deficiency may result in increased fetal 
mortality ( 164, 215, 217 ) and lowering of the viability and growth rate of 
the baby pigs (138, 215, 244). That swine under ordinary feeding condi- 
tions often have a completely normal reproductive ability, even though 
they receive a diet lacking in vitamin B 12 , is undoubtedly due to a con- 
siderable bacterial production of vitamin Bi 2 in the alimentary canal. Such 
a microbial vitamin B 12 synthesis will normally meet the requirement 
of herbivorous animals for this vitamin, it is, however, a necessary condi- 
tion that the diet contains cobalt (see Section II, C, 4). 

III. The Influence of Malnutrition on the Development and 
Function of the Reproductive Organs 
An insufficient supply of energy, protein, minerals, or vitamins not 
only may cause disturbances in fetal development and lower the viabil- 
ity of the offspring, as mentioned in the preceding section, but may 
also interfere with the development and function of the reproductive 
organs. 

A nutrient deficiency may affect the development and function of 
the reproductive organs in two ways, directly or indirectly. The dis- 
turbance may be direct in that the deficiency causes disturbances in 
the cellular metabolism in these organs, or indirect owing to changes 
in the function of the endocrine organs related to reproduction; it is 
difficult to say which plays the greater role. It may be pointed out, 
however, that an increasing number of experimental results show the 
significance of nutrition in the normal functioning of the endocrine 
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organs. Tlrus, inanition, protein deficiency. ™ ol 

vitamins and minerals may Ire tire cause o! gonadal tone- 

gonadotropins (S3, 321), which in tun, causes impaired Ron 

A. The Fannie Jlrprodnclicc Organ 


that 
of the 

al 


1. Gross Underfeeding , 

Numerous cxpcrimcnls with laboratory amma s ■« > 0 

retardation of growth due to undernutrition causes of scJ uu 

development of the reproductive organs and delays th female, 

maturity. Such a partial inanition may also, in tne • tc$tictt . 
cause ovarian atrophy, cessation of estnis (310), and, tn tli ’ ^ r0 . 
lar degeneration (8, 69). A low energy intake, but normal ‘ ^ tbc 

tcin and other nutrients in rats (265) and mice (1~, '• . an j and 

development of the reproductive organs and the mammar) b * 
causes irregular cstrous cycles and lowered fertility. on irnals 

It is generally believed that gross undernutrition o 3 fertility 
also delays the onset of puberty and leads to impairment o 0 f 

mature animals. This assumption has been supported b) 3 | lC jfcrs 
experiments of both theoretical and practical nature. Un cr 045, 
show heat symptoms later than adequately fed ones (5. » ~ ’,045) 

279, 280). This fact has been excellently illustrated by ” c ‘“ c ^cpt on 
in experiments with 3 groups of Holstein calves and hei er ua li- 
fecd levels which were widely different both quantitatively seCoa <) 
tativcly. One group was fed normally (Morrison’s standards), a 

group was fed a supernormal (about 140 c /o of normal); 33 b( . a t 

subnormal ration (about 6 o</o of normal). The age at the er . 

period averaged 11.3, 9.4, and 17.3 months in the norm 3 ^ mderfed 
normally, and subnormally fed groups, respectively. T* 1C ' an d 
group had a subnormal conception rate, underdeveloped ud ’ 
in many eases gave birth to dead calves. In mature cows, under 
causes impaired heat symptoms, irregular heat intervals, and e 
fertility (253, 294). That low planes of nutrition cause delate 
of puberty and lowered ovulation rate has also been described > n 
(55, 80, 281, 294) and swine. Burger (48) showed in experimen 
two groups of weaner gilts, one fed ad lib., and the other very tes t . 
that the first group reached puberty at an age of about 188 days l ^t 
age weight, 194 lb.), whereas the semistarved pigs did not s l0 ' ^5 
symptoms until at the age of 234 days (average weight, 11^ .* /gOS)* 
result is in good accord with previous experiments of MeXenzi® afl( j 
In subsequent experiments (256, 272) with full-fed (fed ad ul ^ 
restricted gilts (fed about 2/3 of full-fed), the restricted feeding c* 
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no delay in the onset of puberty, but the ovulation rate was higher in 
the gilts fed ad lib. than in the limited-fed ones. 

On the whole the available experimental results and practical ex- 
periences show that pronounced underfeeding inhibits the development 
and function of the female reproductive organs. However, fertility 
lowered in tins way is not permanent; an adequate supply of feed re- 
stores normal development and function of the reproductive organs 
both in laboratory (12, 265) and farm animals (9, 247, 279). 

2. Overfeeding 

It is generally assumed that fatness may be the cause of lowered fertil- 
ity (200). Several authors (253, 254) report that fat heifers and cows 
show less pronounced heat symptoms than normal and have a sub- 
normal conception rate, it is, however, still an open question whether 
such animals are infertile owing to fatness, or whether they are fat be- 
cause they are sterile. It has not been proved experimentally that a high 
intake of a well-balanced feed causes impairment of ovarian function 
in an otherwise normal animal; the results of some experiments even 
contradict this assumption (248). 

As already mentioned, full-fed gilts reach puberty sooner (256, 312) 
and have a higher ovulation rate than restricted-fed gilts (256). On the 
other hand, there is apparently a higher embryonic mortality in the 
former category than in die latter (54, 256). 

Whereas it can be stated that persistent overfeeding of ruminants 
does not lead to increased fertility, an increased supply of concentrated 
lood lor some time before breeding may increase the ovulation rate (56) 
and the number of twin births in sheep. This practice is called flushing 
(229), and is successful when the weight gain is considerably greater 
than that of the unflushed ewes, and when the feed intake before flush- 
ing is lower than that which would give an optimal lamb crop (247). 
On the whole, flushing can apparently increase the lamb crop by 10 
to 20% (82, 184, 229, 230). Flushing of well-fed ewes does not seem 
to cause lowered fertility. 

3. Protein 

It is well established that a sufficient protein supply is necessary 
to obtain a normal development and function of the reproductive organs. 
Experiments with rats have shown that a loxv protein diet ( under 5% ) 
caused the estrous cycles to become irregular or to cease (114, 262). 
In almost all cases the function of the reproductive organs became 
normal again when the protein intake became adequate. To obtain 
optimal fertility in rats, the feed should contain about 10% of protein 
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of fugh biological value That protein deficiency ,n ‘ 
cause disturbances in the development and function nroductioo 

organs is well known, especially in countries where anuna p 
is based to a high degree on the import of concentrates . the 

navian countries, for instance, it is not unusual to see cr an d 

end of the winter in which the heifers show no heat symp o {j, e 

in which veterinary examination by rectal palpation reve ^ 
ovaries and uterus are underdeveloped (11, HO, - 74 ) beet 

have often been fed a protein deficient ration, such as bee , b 
pulp, and straw That the protein deficiency is the cause o 
tion is indicated by the fact that a high protein supp y to su e ^ s jo 
frequently restores a normal reproductive function in a tew ^ 0 f 
swine, protein deficiency also impairs the development an u 
the reproductive organs (66) 


4 Minerals 

The minerals most frequently mentioned in connection 
in reproduction are phosphorus and calcium, particularly ^ 

It has been shown in both laboratory and farm animals that a e 0( j uC 
of this mineral may cause disturbances in the function of the rep 
tive organs Guilbeit and Hart (113, 132) showed in expenmen .j 
rats that a diet containing 0 22% of P and 4 times as much Ca ^ 

the onset of sexual maturity or caused complete cessation of es ^ an ge 
increase of the content of phosphorus to about 0 5% without an) ^ on 
in the calcium content, or lowering of the latter to the same P r0 ^ iict ^e 
as the phosphorus content, caused the function or the repr° 
organs to become normal likely 

In farm animals, roughage consuming individuals will be nior 
to suffer from phosphorus deficiency than from calcium de 
whereas animals such as swine, whose diet consists chiefly ot . eS 
tntes, will be more exposed to calcium deficiency Reproductive ^ 
as a consequence of phosphorus deficiency have mainly been n ^ 
range cattle That cattle on phosphorus deficient grassland j er 

ered fertility was first described by Tuff m Norway (293) and 
and co workers in South Africa (287) The latter, m experiments 
cows kept on phosphorus deficient grassland, showed that an admtf^ 
of bone meal increased the number of calves bom per 100 cow* 

51 to 80 Tins observation was supported later by numerous othe ^ 
pertinents ( 10 , 134, 288) Phosphorus deficiency in cattle causes 
dj sfunction which in turn delays the onset of puberty, or in j^t 
cows results in an impairment of the heat symptoms, irregular 


with fad^ 
phosphor 115 
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intervals, and eventually complete cessation of estrus (74, 140, 254, 309) 
After calving, the phosphorus-deficient cows will often manifest estrus 
at the normal time once or twice and then become irregular or cease 
estrous activity completely (74, 75) However, phosphorus-deficient 
pastures will also have a low content of other dietary factors, such as 
protein and carotene (134, 135) It is therefore a question whether 
the lowered fertility is due exclusively to phosphorus deficiency, pre- 
sumably a simultaneous deficiency of protein and carotene also plays 
a role This question has been elucidated by several workers Eckles 
et al (77) found that an uncomplicated phosphorus deficiency does not 
cause abnormal estrus m cattle, although it apparently reduced the 
breeding efficiency In subsequent investigations on several groups of 
housed experimental heifers, which except for the phosphorus intake 
were fed alike, Hignett and Hignett (141), by varying the phosphorus 
intake, were able to demonstrate gradations m ovarian activity ranging 
from complete anestrus to normal heat The fact that admixture of bone 
meal (287) or dicalcium phosphate (72) increases the fertility m cattle 
on phosphorus deficient pastures shows that this mineral can be a limit- 
ing factor in reproduction 

As mentioned above, a high calcium intake may cause phosphorus 
deficiency m rats (113) In cattle, too, a high calcium intake may 
bring about such a reduction in the phosphate utilization that phos- 
phorus deficiency occurs with resulting lowered fertility (140, 141) 
Impaired fertility owing to a high Ca/P ratio with a relatively low phos- 
phorus content may presumably be counteracted by an adequate supply 
of vitamin D (140) Previously it was generally supposed that phos- 
phorus deficiency did not cause infertility unless there were obvious 
symptoms of aphosphorosis and a greatly lowered concentration of in- 
organic phosphate in the blood Recent investigations suggest, however, 
that infertility may be the first sign of phosphorus deficiency, whether 
it is absolute or conditioned (100, 140, 283) 

In sheep, phosphorus deficiency causes the same disturbances in 
the function of the reproductive organs as m cattle (247) 

A senes of investigations lnve been performed to determine if cal- 
cium deficiency may cause disturbances in the development of the re- 
productive organs m cattle (96), swine (66), and rats (113) Judged 
by published experiments, a pronounced deficiency of this mineral 
causes no impairment of the development of tlie reproductive organs or 
disturb in ces m the estrous cycle 

In laboratory animals ind sw me (112, 243), manganese deficiency 
causes disturbances m the oxamn function In experiments with gilts 
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fed a semipunfied ration containing approximately 0 5 ppm ^ on ly 
nese, complete absence of estrus was found in some eases, 1 {eeds 

unpaired heat symptoms were demonstrated In gilts re : 
with 40 ppm of manganese, normal estrous cycles were rep 

5 Vitamins ^ 

As mentioned in the preceding section, vitamin A deficiency ^ 
cause severe disturbances m fetal development and in the vi ^ 
the offspring, but does not seem to cause essential distur anc ^ ^ 
development of the ovaries and the accessory sexual glan s o 
estrous cycle in most species In experiments with mice it w \ 
that, even though they showed pronounced symptoms or V1 , ucbve 
deficiency, there were no noticeable changes in the female repr gnt 
organs (320) In young female rats, on the other hand, one ex jP ovarian 
indicated that a deficiency of this vitamin caused an arrest 0 L t a de- 
growth (292) Evans and Bishop (86, 89) showed in 1922 a ^ 
ficiency of vitamin A m rats caused persistent cormfication ^ 
vagma Subsequent investigations (193, 194) showed that ^de- 
ficiency symptom could be observed earher than xerophthalmia jon 
fore, persistent cormfication has been used in the biological es 1 ‘ ^ 
of this vitamin The increased vaginal heratimzation is apparen 
due to an increased production of estrogens, as it develops eq 
soon in intact and ovariectomized vitamin A deficient rats ( ^, auS e 
Even though a deficiency of this vitamin is so pronounced as to c 
persistent cormfication of the vagina, the rats will in many cases ^ 
have regular estrous cycles They will be irregular in a num 
cases, but paired feeding experiments suggest that such irregular 
cycles are not due to the vitamin deficiency, but to inanition ( 194, 

Vitamin A deficiency m farm animals will also cause increase ^ 
timzation of the vaginal epithelium and thus lower the resistance 0 ^ 

mucous membrane to the entrance of infective microorganisms ^ 
however, uncertain whether this deficiency under practical feeding ^ e 
ditions may cause irregularities of the estrous cycle Cows which 
aborted or delivered stillborn or nonviable calves, presumably 
to this deficiency, do not show heat until 5 or 6 months after calvmg ^ 
in investigations with cattle (133) and sheep (193) it was found ^ 
even though the animals were depleted of vitamin A to the p 0,n 
night blindness, they may show normal heat, ovulate, and conceiv c , 
Hughes et ol (153) found in swine that vitamin A deficient gi ^ . 
irregular estrous cydes, some o£ them seemed to be in heat continuou V 
suggesting a persistent and increased output of estrogens In other 



NUTRITION AND REPRODUCTION IN DOMESTIC ANIMALS 


209 


periments (152) the deficiency caused impaired heat or complete ab- 
sence of heat symptoms. 

From the writers experiences it has been shown that gilts and sows 
may have normal heat symptoms even if they are so depleted of this 
vitamin that the content in the liver is less than one I.U. per g. of tissue 
and they show very marked deficiency symptoms ( 143, 217 ) . 

Even though vitamin A-deficient animals may have apparently normal 
estrous cycles, ovulate, and conceive, presumably a marked deficiency of 
this vitamin in certain farm animals can be the cause of a lowered fertil- 
ity. This seems especially to be the case where dairy cattle and swine 
are housed for several months and receive a diet lacking in carotene or 
vitamin A. An additional supply of carotene under such conditions may 
increase the fertility in cattle (10). 

As mentioned in the preceding pages, vitamin E is of importance to 
carry through normal pregnancy in rats and possibly also in other ani- 
mals. But a deficiency of this vitamin apparently causes no disturbances 
in the development of the female reproductive organs or the function 
of the ovaries either in laboratory (90) or farm animals (118, 247). 

B. The Male Reproductive Organs 
1. Gross Underfeeding 

In the male, a markedly inadequate calorie intake in the prepubertal 
period of life will cause underdevelopment of the testes and die male 
accessory sex organs, and delay the onset of sexual maturity. In the 
mature animal, inanition leads to disturbances in the function of the 
testes and the accessory sex. glands, and causes lowering of Uhi&o, 

Experiments with laboratory animals show that chronic inanition 
inhibits the development of the testes (191) and the differentiation of 
spermatocytes (158). In mature rats and mice, inanition causes atrophy 
of the seminal vesicles and the prostate, degenerative changes in the 
spermatogenic tissue, and finally leads to cessation of sperm production 
( 187 ) . The underdevelopment or dysfunction of the male reproductive 
organs caused by the inanition will, at least in rats and mice, soon be 
corrected when the feed intake becomes adequate (53). 

Several investigations have indicated that the disturbances in the 
development and function of the male reproductive organs caused by 
inanition is due either to a diminished production of pituitary gonado- 
tropin (LII) or a lowered response of the interstitial cells in the testes 
to this hormone. The pituitaries of underfed rats have a lower gonado- 
tropic potency than those of adequately fed animals (168), Whereas 
pronounced underfeeding is followed by recognizable morphological 
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changes m the testes and atrophy of the seminal vesicle^ and^ 
prostate, a less severe inanition apparently will not cf andr0 - 

morphological changes in the testes, but will lower e P s « 

genic hormones, leading secondarily to atrophy of th 
glands (212) This atrophy can be obviated by parentera 
tion of testicular hormones or gonadotropins (178, 180) . (0 

However, inanition leads not only to morphologica j] u s 

functional changes of the male se\- organs This has been y 
trated by a senes of investigations by Mann and co workers *j, e 

ments with rats, these investigators found that a severe res c 1 ^ ^ 

total energy intake caused almost as pronounced a suppressio 
secretory function of the accessory sexual glands as castration ^ 0 f 
the secretory function of the organs could be restored in ! , a | 
androgens or chorionic gonadotropin (178, 180) This len s a 
support to the assumption that inanition primanly causes a ^ ^ 
hormone production, which secondarily leads to a disturbance 
function of the accessory sexual glands (85, 192) feeding 

Similarly, in experiments with farm animals, the intensity o 
influences the development and function of the male re P r ° ta ke 
organs In the case of bulls, Fhpse et al (97) showed that a fee 
which was about 70% of recommended allowances caused the 
maturity to be delayed and the sperm concentration and sperm 111 ? jQ 
to be significantly lower than in sufficiently fed bulls Simultantf) ^ 
vestigations by Bratton (37) suggest the same Underfed bu c 
(70 7o of recommended allowances) had a slower sexual deveOP^ 
than those normally fed, whereas supemormally fed calves (1 
of normal) reached puberty much earlier than those fed normal ) 
underfed young bulls further yielded considerably smaller e J aC V 0 ^ e r 
than those fed normall) or supemormally, and the semen had a ° ^ 
content of motile sperm than the normal This result is in good a ^ 
with a previous experiment with identical triplet bulls, one of wruc ^ 
fed 30% below normal, one fed normally, and one 30% above no 
all for a period of 8 months The underfed one of the triplets p r0 
the smallest volume of semen, whereas the bull fed supernorm^ 
yielded the largest volume The underfed triplet had the lowest num 
of spermatozoa per ejaculate, and they showed the lowest rno » 

(234) Even though a relatively slight underfeeding of >oung bulls ^ 

delay the onset of sexual matunt), subsequent adequate feeding ' 
cause the sperm production and serving ability of these bulls to beco 
normal (13, 14) ^ 

The influence of underfeeding on the chemistry of the semen " 
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first s) stematically investigated by Mann and Walton (181) They fed 
a mature bull such a restricted diet that it constantly lost considerable 
weight After 23 weeks there were no essential changes m the size of 
the ejaculate, sperm concentration, or sperm morphology, but the secre- 
tory function of the seminal vesicles was considerably reduced, so that 
the content of fructose in the semen was lowered by about 30%, that of 
citric acid by about 60% Mann and his group have also investigated the 
influence of underfeeding on the onset of secretory activity of the ac- 
cessory sex glands and spermatogenesis in young bull calves For this 
purpose they used monozygotic twin calves, one of each pair being fed 
normally, die other being underfed (67, 182, 183) By means of an 
electroejaculator they collected seminal plasma, which represents the 
male accessory secretions, at two weekly intervals from the time the 
calves were 4 or 5 months old In these experiments, whereas fructose 
and citric acid, serving as indicator of androgenic activity, could be 
demonstrated at the age of 5 or 6 months m the seminal plasma of the 
twin calves fed normally, this was not possible in the underfed twin 
calves until they were about 9 or 10 months old Following injection 
of gonadotropin, these substances could be demonstrated m seminal 
plasma before the age of 5 or 6 months In the semen of the twin calves 
that were normally fed, spermatozoa were found at the age of about 
9 or 10 months, le, about 4 months after the appearance of fructose 
and citric acid In the underfed calves, spermatozoa appeared in the 
semen 1 month later than fructose and citric acid Considering this find- 
ing and the experiments referred to above, underfeeding undoubtedly 
exerts directly or indirectly a more pronounced inhibitory effect on the 
hormone producing cells of the testes than on the spermatogenic tissue 

2 Pro tern 

A lack of protein or essential amino acids in the diet of laboratory 
animals may cause inhibition of the development of the male reproduc- 
tive organs and lowered fertility (58, 168, 174, 187, 197) 

The increasing use of artificial insemination in cattle breeding has 
been a great stimulus to investigations on the influence of nutrition on 
the sperm-producing capacity of bulls and the quality of the semen 
Special consideration has been given to the significance of proteins 
Larsen and S0rcnsen (172) studied the influence of protein intake on 
semen production and semen quality of bulls They found that a high 
protein intake (90 to 100% over the maintenance requirement) in- 
creased both the average \oliime of ejaculates and the number of living 
sperm in the semen, as expressed b) the methylene blue reduction time 
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(284) These workers also determined whether animal t0 

superior, as previously reported in Russian expenincn ( 
vegetable protein for semen production owing to its hi g to 

lysine, they found no definite difference, even thoug an , lin 

the feed of milk, which has a high content of lysine, of 

proved the quality of the semen as expressed by its average 
motile spermatozoa per milliliter (285) nutritne 

In simultaneous and more extensive investigations on atl0n 

requirements of mature bulls used roubnely for artificial ins 
Branton et fll (34) determined the influence of the protein 
producbon of bulls kept on three different levels of tota B t€ 
nutrients (TON), namely, 100, 120, and 140% of recommendea n ^ 
nance requirements for dairy cows of the same weight The r jg 

sisted of 60% hay, the rest of concentrate mixtures contauung - 
or 20% protein The fertility of the semen used was apP are ^ c ^ lQ g 
same, regardless of feeding level and protein intake, but bulls r ij cr 
the 20% protein concentrate seemed in general to have somewha ^ 
ejaculates, but a higher content of spermatozoa per milliliter j iune 
Branton and his group (36) found no difference in the average 
of the ejaculates, per cent of motile spermatozoa, or other semen ^ 
tenshes in bulls which, besides bmothy hay as the only roug a ° ’ eI „ 
cei\ ed com gluten feed, skim milk powder or soybean oil meal as p ^ 
source The average fertility percentage, based on 60 to 90 days ^ 
returns to first service cows, was the same whether the bulls rec 


animal or vegetable protein Considered as a whole, the expeni 
reported here and pracbcal experiences suggest that an energy 


itneab 

jtake 

squire- 


which is about 20% higher than the calculated maintenance r 4^^ 
ments, and a protein intake about 60 to 70% over the main en^^ 
requirements, is sufficient to secure optimal sperm producbon 
regard to the question whether animal protein is superior to veg 
protein for breeding bulls, the experiments reported here are not 
parable, as sugar beets were chiefly used for roughage in one 
(2S5), whereas hay was used in the other experiment (36) 

de- 


Expenmcnts with rats have shown that pronounced calcium 
ficicncy may cause infertility both m males and females (262) 
an cxtremcl) low phosphorus diet to prepubertal rats causes i— {J 
of the development of the testes, when fed to mature rats it 
spermatogenesis Paired feeding experiments suggest, however, that 


peed* 11 ? 

mlubiUoo 


Is not a direct effect of the phosphorus deficienc) but rather 


of & e 
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anorexia caused by this diet (9S). In the case of male farm animals, 
no experiments have been reported suggesting that deficiency of one or 
both of these minerals may be the direct cause of lowered fertility under 
practical feeding conditions. 

Manganese deficiency both in rats (33) and rabbits (277) may cause 
absence of libido and extensive testicular degeneration. The biochemical 
mechanisms responsible for these changes are unknown. In swine, sec- 
ond generation boars from gilts raised on rations containing from 1 to 
3.4 ppm of manganese showed normal spermatogenesis when raised on 
a semipurified diet containing 3.3 ppm of manganese (243). It is im- 
probable that manganese deficiency will he the cause of lowered fertility 
in the male under normal feeding conditions. 

4. Vitamins 

As early as 1924-1925, it was found in experiments with rats (111, 
318) that vitamin A deficiency caused pronounced atrophy of the testes. 
Since then extensive investigations have been carried out to elucidate 
the influence of this deficiency on the male germinal epithelium in 
laboratory and farm animals. Vitamin A deficiency causes testicular 
atrophy not only in rats (87, 186) but also in mice (320), guinea pigs 
(319), and domestic animals. Investigations have further shown that 
tlie degenerative testicular changes, at least in rats, are a direct cause 
of the vitamin deficiency and are not due to inanition caused by this 
diet (187). The testicular lesions can be cured in some cases when the 
animals receive sufficient vitamin A (187). 

In addition to atrophy of the testes, this deficiency will also cause 
impaired development of the epididymes, seminal vesicles, and prostate 
in young rats. These, however, are not primary effects; rather they are 
due to a lowered production of testicular hormone caused by the de- 
ficiency. Injection of testosterone can obviate this atrophy in vitamin 
A-deficient rats (198). Further, injection of gonadotropic hormone will 
stimulate the development of the accessory sex glands in vitamin A- 
deficient rats (199). This suggests that this deficiency, like inanition 
(see above), causes a lowered excretion of pituitary gonadotropic hor- 
mone or a lowered response to this hormone by the interstitial cells of 
tiie testes. 

In bulls, a pronounced vitamin A deficiency delays sexual maturity, 
suppresses sexual interest, and causes testicular degeneration and thus a 
lowering of sperm production and quality (35, 84, 115, 149, 291). Bran- 
ton ct at. (35) found that bulls which were fed sugar beet pulp, straw, 
and concentrate free from carotene for some montiis produced semen 
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with a rising percentage of abnormal spermatozoa and a falling 
of motile spermatozoa. Histological examination .. abides, 

degeneration of the germinal epithelium o ie severe dis- 

However, vitamin A deficiency apparently docs not . M( j state 

turhances in spermatogenesis until the animals are in a 

of deficiency (149). . j r r =„ diet LindlQ' 

In experiments with young rams fed a vitamin A-tree 
et a!. (177) found the usual symptoms of vitamin A delic ctjo „ 

ing retarded development of the testes and lowered spe 1 
and quality. Injection of testosterone propionate or P™8 ‘ At 
serum exerted no beneficial effects on semen production or q 
autopsy tlie weight of the testes of the vitamin A-dc ci . Re- 
proved to be under half the normal, and there was pituitary 

generation of the germinal epithelium. Examination ot ,t\^ t amin 
glands revealed the presence of small cysts in practica y • v jtarnin 
A-deficient rams. Pituitary cysts have also been reportc va 
A-deficient cattle (84, 149) and rats (318). ^ r ats 

In 1924, Mattill ef al (196) found that a vitamin E deficiency^ ^ 
caused irreversible testicular degeneration. This observation . 0 f 

been supported. Mason (189, 190) showed that young rats j eS at 
vitamin E showed degenerative changes of the seminiferous 1 c c jeoc)' 
the onset of sexual maturity. In mature male rats, vitamin E e ^ 
primarily causes lowered motility of spermatozoa, although they 1 
morphologically normal. Later, complete aspermia occurs; bna y* ^ 
animal loses all sex interest (91), although the vitamin E deficie^^ ^ 
parently causes no morphological changes in the interstitia 
the testes. - n £ 

Testicular degeneration and consequent sterility owing to vi > 
deficiency are known only in rats and, possibly, in hamsters. -ye 

Numerous experiments have been performed to elucidate the p° 
significance of this vitamin in sperm production and fertility ° u, 
domestic animals. A considerable number of reports have been^p ^ 
lished on a beneficial effect of wheat germ oil in the treatment 
fertility in cattle. Judged by the best controlled experiments ( H 
there is, however, no reason to believe that deficiency of this vx 
is the cause o£ lowered fertility in hulls, rams, or goats (291). 
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I Introduction 

It has been known since ancient times that environmental conditions 
modify the breeding processes of most animal species One important 
condition, the adequacy of the diet, has been discussed in Chapter 6, Vol- 
ume II Other factors have perhaps received less attention, but are none- 
theless of practical as well as theoretical importance These factors are 
multiple, and their role varies from species to species For purposes of 
discussion, they have been grouped here under four headings ( a ) light, 
(b) temperature and humidity, (c) "social stimuli , and (d) other 
factors 

The pathways by which these environmental conditions modify and 
control the primary endocrine events basic to the reproductive process 
have been discussed m Chapter 6, Volume I, and the interested reader is 
referred to that chapter for analysis of what is known about the mecha- 
nisms by which exteroceptive stimuli regulate reproductive activity In 
the present chapter a few general principles will be reviewed, but major 
attention will be focused on the role of environmental conditions in die 
reproductive ph) siology of the individual domestic species 

The role of incident light in controlling the onset of estrus in season- 
ally breeding animals has been the subject of a number of reviews (60, 
62, 113), and has been particularly well covered for domestic birds and 
mammals by Yeates (107) The available evidence indicates tint changes 
in the dailj amount of light to which the animals are exposed are re- 
sponsible for initiating the breeding season in most of the species which 
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have an anestrous period during the >e > P , )C inltiate d 

heat as the days lengthen in the spring Es ‘™ incrc ase 

m the laboratory at any time of year by shccp an d 

in illumination Another group of animals, not y V llcat 

the goat, are stimulated by decreasing day length, and com ^ 
m the fall However, variations in the amount of incld ® nl f The 

estrous cycles in spee.es that are normally contmuomly poly«ttous 
laboratory rat, for instance, is polycstrous, but it has been d W™ £ 
number of invesbgations (12, 42) that continuous Everett 

ally leads to a state of constant estrus in this species Bunn and 
(13) have recently shown that ovulation can be induced in sue 
by electncal stimulation of the brain, so the continuous estrus is p 
due to fadure of LH release from the pituitary Other polyestrous spec, 
have not been sutyected to experiments of this type, but there i 
dence that light is important m other polyestrous animals, mem & 


cattle (66, 67) , . ve 

Marshall (62) and others (107) have pointed out that reprociuci 
photoperiodism, the dependence of breeding activity on changes ini - 
cident illumination, is a characteristic of species native to the tempera 
zones of the globe Generally, with certain exceptions, the dependen 
is absent in tropical animals This difference between temperate an 
tropical natives may be present even in strains of the same species 
Strains coming from the northern latitudes show sharply limited bree 
ing seasons while strains native to the tropics, where day length vanes 
little, breed at any time of year - 

The development of photoperiodism is probably explained by natura 
selection Marshall (60) and Yeates (107) both point out that the bree 
mg season in animals native to the temperate zones is almost invariaD y 
timed for the young to be bom at a time of the year most favorable to 
their survival Since animals lacking the mechanism responsible for this 
limitation of breeding would tend to lose their joung and die out, nat- 
ural selection, apparently, has operated to develop reproductive photo- 
penodism In the tropics, on the other hand, where an inimical climate 


is no problem, breeding persists throughout the year 

It is also of interest in this regard that various domesticated mammals 
have tended to lose their photoperiodism, while their wild counterparts 
continue to show it The domestic rabbit, for example, often breeds 
throughout the year, while the wild hare has a spring and summer breed- 
ing season (56) Some mares are also said to be capable of breeding *n 
seasons other than the spring and the cat and dog have lost the clearly 
seasonal nature of the breeding periods seen in their wild counterparts 
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(24). This loss of photop eno dicity with domestication is not surprising 
because the food and shelter supplied by man eliminates much of the 
natural selection and, m some situations, animals are also bred for longer 
mating seasons It should be kept in mind, however, that in most of the 
domestic species involved, the loss of photoperiodism has been partial, 
and the old patterns persist m part 

Incident light is involved, not only in the control of reproductive 
physiology, but m other body processes as well These processes are not 
directly related to the present subject, but are of interest and importance 
because they involve die economic value of the animal Thus, there is 
some evidence that light controls hair shedding in mammals, as well as 
the plumage changes that occur seasonally in birds (107) Furthermore, 
there is presumptive evidence that some environmental factor m addi- 
tion to temperature is involved in the regulation of thyroid activity, and 
possibly also in growth 

Finally, it has been suggested that light is involved in the phenom 
enon of “delayed implantation” seen in the mink and its relatives, and 
possibly also in the horse (33, 39, 72) In the former animals, mating oc- 
curs and fertilization is accomplished, but the blastocyst does not im- 
plant immediately and, coincidentally with this delay, the corpus luteum 
does not become active Some weeks later, implantation occurs and, at 
this time, the corpus luteum takes on a secretory character Tlus activa- 
tion of the corpus luteum is not due to FSH or LH, and is probably due 
to a delayed increase m prolactin secretion (37, 38) Hammond has 
suggested that increasing amounts of light are responsible for tins 
change in the corpus luteum, and there is some evidence to support this 
point of view (40) Whether or not a similar chain of events occurs m 
the horse is unsettled, but there is clear cut evidence (33, 40) that the 
length of pregnancy in the mare varies with the season, longer preg- 
nancies being characteristic of early spring fertilization 

Temperature is another environmental factor modifying reproductive 
activity Before Rowan showed conclusively that incident light and not 
temperature controlled testis development in the junco (83), most sea- 
sonal breeding was generally assumed to be regulated by changes in the 
environmental temperature (89) However, it has now become clear that 
the role of temperature is of secondary importance in birds and most 
mammals On the other hand, both excessive heat and excessive cold cur- 
tail reproductive performance In birds, the effects of temperature mi} 
reinforce and increase those of light (14, 26) A low environmental tem- 
perature in the absence of changes in illumination leads to prolonged cs- 
trous cycles in the rat (51), and a few animals, such as the 13-lined 
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have an anestrous penod dunng the year 

heat as the days lengthen in the spring this mcrease 

in the laboratory at any time of year by simulat g • ™ anJ 
in illumination Another group of animals, notab y P ^ 

the goat, are stimulated by decreasing day length, and com K ^ 
in the fall However, variations in the amount of mordent . '8 ^ 

estrous cycles in species that are normally continuously polyestrous ^ 
laboratory rat, for instance, is polyestrous, but it has been ® J tu . 
number of inveshgations (12, 42) that continuous >D°>>«-*°* Everett 
ally leads to a state of constant estrus in this species Bunn and *■ 

(13) have recently shown that ovulation can be induced in sue 1 
by electrical stimulation of the brain, so the continuous estrus is p J 
due to failure of LH release from the pituitary Other polyestrous specie 
have not been subjected to experiments of this type, but there 1 
dence that light is important in other polyestrous animals, mciua & 
cattle (66, 67) , 

Marshall (62) and others (107) have pointed out that reproduc 
photopenodism, the dependence of breeding activity on changes in- 
cident illumination, is a characteristic of species native to the tempera 
zones of the globe Generally, with certain exceptions, the dependenc 
is absent in tropical animals This difference between temperate an 
tropical natives may be present even in strains of the same s P ecie ? 
Strains coming from the northern latitudes show sharply limited bree 
ing seasons while strains native to the tropics, where day length varies 


little, breed at any time of year . 

The development of photopenodism is probably explained by natura 
selection Marshall (60) and Yeates (107) both point out that the bree 
ing season in animals native to the temperate zones is almost invaria y 
timed for the y oung to be bom at a time of the year most favorable to 
their survival Since animals lacking the mechanism responsible for this 
limitation of breeding would tend to lose their young and die out, nat 
ural selection apparently has operated to develop reproductive photo 
pcnodism In the tropics, on the other hand, where an mimical climate 


is no problem breeding persists throughout the year 

It is also of interest in tins regard that various domesticated mammals 
have tended to lose their photopenodism, while their wild counterparts 
continue to show it The domestic rabbit, for example, often breeds 
throughout the ) car, while the wild hare has a spring and summer breed 
ing season (56) Some mares are also said to be capable of breeding m 
seasons other than the spring and the cat and dog have lost the clcarl) 
seasonal nature of the breeding periods seen in their wild counterparts 
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(24) This loss of photoperiodicity with domestication is not surprising 
because the food and shelter supplied by man eliminates much of the 
natural selection and, in some situations, animals are also bred for longer 
mating seasons It should be kept in mind, however, that m most of the 
domestic species involved, the loss of photoperiodism has been partial, 
and the old patterns persist in part 

Incident light is involved, not only in the control of reproductive 
physiology, but in other body processes as well These processes are not 
directly related to the present subject, but are of interest and importance 
because they involve the economic value of the animal Thus, there is 
some evidence that light controls hair shedding in mammals, as well as 
the plumage changes that occur seasonally in birds (107) Furthermore, 
there is presumptive evidence that some environmental factor m addi- 
tion to temperature is involved in the regulation of thyroid activity, and 
possibly also in growth 

Finally, it has been suggested that light is involved in the phenom- 
enon of ‘ delayed implantation” seen in the mink and its relatives, and 
possibly also in the horse (33, 39, 72) In the former animals, mating oc- 
curs and fertilization is accomplished, but the blastocyst does not lm 
plant immediately and, coincidentally with this delay, the corpus luteum 
does not become active Some weeks later, implantation occurs and, at 
this time, the corpus luteum takes on a secretory character This achva 
hon of the corpus luteum is not due to TSH or LH, and is probably due 
to a delayed increase in prolactin secretion (37, 38) Hammond has 
suggested that increasing amounts of light are responsible for this 
change in the corpus luteum, and there is some evidence to support this 
point of view (40) Whether or not a similar chain of events occurs in 
the horse is unsettled, but there is clear cut evidence (33, 40) that the 
length of pregnancy in the mare vanes with the season, longer preg- 
nancies being characteristic of early spring fertilization 

Temperature is another environmental factor modifying reproductive 
activity Before Rowan showed conclusively that incident light and not 
temperature controlled testis development m the junco (83), most sea- 
sonal breeding was generally assumed to be regulated by changes in the 
environmental temperature (89) However, it has now become clear that 
the role of temperature is of secondary importance m birds and most 
mammals On the other hand, both cxcessiv e heat and e\cessi\ e cold cur- 
tail reproductive performance In birds, the effects of temperature mij 
reinforce and increase those of light (14, 26) A low environmental tem- 
perature in the absence of changes in illumination leads to prolonged es- 
trous ejeles in the rat (51), and a few animals, such as the 13 lined 
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ground squirrel, depend on prolonged cool weather, rather than hgK 
£ the stimulus for gonadal development ( 103) Changes in i P 

also appear to have some effect on the breeding cycles of various 
tic animals, as discussed below , 

The well known effect of temperature on spermatogenesis 
of most species of mammals should also be mentioned Placing 
m the abdomen at body temperature leads to degeneration of 
lar epithelium and sterility, for normal sperm development to occu , 
testes must be kept cooler than the rest of the body Keeping 
m the scrotum permits maintenance of a reasonably constant, c 
vironment for the spermatic epithelium The efficiency with v c 
scrotum functions to maintain proper temperatures has been st ^ aie , n 
\ anous species, including domestic animals (27), in which it has 
found that spermatogenesis proceeds essentially normally m inlr ^f o ° „ 
testes when the environmental temperature ranges from 50 to 104 
Nonetheless, high environmental temperatures may affect the repro uc 
tive potential in the male in some domestic species, as discussed below 
Another group of stimuli affecting reproduction are those provided 
by the immediate environment and particularly, by the presence of ot mr 
animals They have been classified here under the general term soci 
stimuli.” Such stimuli play a role in mammals, but are prominent m 
birds Pigeons for example, will ovulate only when another pigeon is 
visible (63) Most birds la) a definite characteristic number of eggs 
and when this number is reached further ovulation is inhibited Man) 
birds also engage in various mating displa)s and dances Marshall (G-) 
discusses these performances and other factors in the immediate environ 
ment from the point of view of their function m reproductive ph)Siology 
He concludes that the sexual displays and the presence of other animals 
serve to increase afferent stimulation to the hypothalamus, and thence, 
to the pituitar) in both sexes This mutual stimulation thus serves to syn 
chromze pituitary activity in the prospective mates In mammals, these 
factors are less obvious, operate more subtl), and var) from species to 
species How e\ er, the) do play a role m reproductive ph) siolog) m such 
animals as the mink and evenm the rat, as indicated by \an der Lee and 
Boots observation that the incidence of “spontaneous” pseudopregnanc) 
is higher m rats housed in groups than it is in individual caged am 
mals (52) 
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II. The Role of Environmental Factors on Reproduction in 
Individual Species 
A. Sheep 

In sheep, developed in England, reproductive activity usually begins 
near September first in the Northern Hemisphere and continues, in the ab- 
sence of pregnancy, well into late winter. In the Southern Hemisphere, 
the appearance of sexual activity corresponds to the same season of the 
year, or about March to August (61). There is a gradation in length of 
sexual seasons according to the latitude and altitude of the animals’ place 
of origin. Thus, sheep indigenous to countries in high latitudes have a 
shorter and more marked sexual season than those native to the tropics 
(28). This explains why some breeds, such as the Suffolk and Hamp- 
shire, tend to exhibit estrus early in the fall and continue to undergo 
cycles until late in the winter or early spring (35). Others, for example, 
the Corriedale and Dorset Horn, may exhibit estrus during the spring 
and summer months (87), while still others such as the Merino (49) may 
breed at almost any season of the year. Even in the latter, however, there 
appears to be a short, anestrous period which occurs dining the spring 
and summer months (48, 77, 78, 82). Sheep transported from one 
hemisphere to another reverse their breeding season (61). This type 
of evidence suggests, and direct experimentation has confirmed, that 
the major factor affecting reproductive periodicity in the sheep is 
the amount of incident light. Thus, Sykes and Cole (94) found that 
if the light was gradually decreased, beginning in the latter part of 
March and extending through April and early May until a total deficien- 
cy of 6 hours of daylight was created, most of the treated ewes bred at 
least once and possibly twice during May and early June. All those con- 
ceiving gave birth to lambs in the early part of November, or at a time 
4 to 5 months earlier than normally expected. 

These results have been confirmed by others who have clearly dem- 
onstrated that reproductive activity in sheep is regulated by changes in 
the light environment (28, 41, 105). By artificially providing additional 
amounts of light during the winter and decreasing the amounts of light 
during the summer, Ycates (105) demonstrated that the sexual season can 
be completely reversed. In these experiments, the rams were also appar- 
ently stimulated by the reversed seasonal lighting. They produced the 
highest quality semen and exhibited the greatest libido in the summer 
months of May, June, July, and August, a time in which the mating de- 
sire is normally lowest. 

In another experiment (41), Suffolk sheep were subjected to a con- 
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slant light rhythm either 4 hours of light and 2 hours of dark, the 
hours of light and 14 hours of dark, or 4 hours of light, 8 hours of dark, 
then 4 hours of light and 8 hours of dark Either treatment was success- 
ful in producing a regular series of estrous cycles in the treated amma 
Although estrous activity was displayed in a short time after the begin- 
ning of treatment, pregnancy did not result in spite of many breedings 
Nevertheless, as pointed out by Yeates (107), if the problem of low con 
ception can be overcome, this method of controlling light changes may 
be of considerable practical importance, since artificial lighting con i- 
tions are not required, but merely a blackout pen into which the sheep 
can be run during the middle of the summer day 

It has been reported that some strains of Merino ewes kept under the 
same geographical and seasonal conditions may commence their breeding 
early in the summer before the days have started to shorten ( 101 ) A - 
though this observation was not confirmed by' other investigations (109), 
it does raise the question of whether the proper stimulus for reproductive 
activity involves decreasing light or a critical light dark ratio 

Whether or not an inherent rhythmic mechanism, with alternating 
periods of sexual activity and quiescence, exists in the sheep, has been 
much debated Terry and Meites (96) showed that sheep kept for 7 
weeks in summer on 24 hours of light, no light, or on daylight all con 
tinued to cycle Earlier lambing in the group on 24 hours of light was 
the only obvious effect Similarly, when ewes were maintained under a 
constant light ratio (6 hours of light to 18 hours of dark) for 3 years, 
cyclical estrous activity became aberrant In some, the onset of seasonal 
estrus was delayed, in others, the intervals of estrus occurred at varying 
frequencies not necessarily associated with the time of the normal sea 
sonal period (18) There is, thus, usually some cycling in sheep inde 
pendent of changes in daylight 

Although light must certainly play a dominating role in controlling 
the seasonal sexual periodicity m sheep, other factors play a part and 
must be considered The effects of temperature changes are one example* 
but because of the considerable temperature variation from day to day 
or within the day, it is unlikely that this factor plays a major role 
The observation that low temperatures are not always associated with 
the onset of estrus also supports this view (105) Furthermore, die time 
of onset of the breeding season or incidence of estrus was not affected 
when the ewes were exposed to high environmental temperatures for 
a 6-liour period each day (106), or when they were subjected to differ- 
ent temperatures (64) In more recent investigations, however, an in- 
fluence of temperature appears to have been demonstrated Onset of 



ENVIRONMENTAL FACTORS AFFECTING REPRODUCTION 


231 


estrus was significantly advanced by more than 50 days in ewes main- 
tained in an air-conditioned room at 45 to 48° F. during the months of 
June, July, and August. Since light intensity and nutrition were the same 
for both treated and control groups, influence by these factors was elim- 
inated (21). 

The ram may retain a certain degree of fertility throughout the whole 
year, but, in many cases, fertility is curtailed during the spring and sum- 
mer months (6, 9, 65, 75). Although an influence of light duration upon 
semen characteristics has not been ruled out, some have suggested that 
the high temperatures encountered at this time of year cause an elevated 
body temperature which depresses spermatogenesis (65, 73). This con- 
cept receives some experimental support from the finding that the semen 
from rams maintained at 45-48° F. during the summer months has a sig- 
nificantly higher motility rating and fewer abnormal cells than that of 
animals subjected to uncontrolled environmental temperatures. In these 
experiments those rams kept under the cool conditions had significantly 
lower rectal temperatures (21, 22). Furthermore, shearing of sheep re- 
sults in lower body temperature, presumably by increasing rate of heat 
loss. This practice may have some practical application through an im- 
provement of conception rate (23). High air temperatures have also 
been shown to have an adverse efFect upon pregnant ewes by causing a 
low birth weight of the lambs (110). 

Another factor which may have a favorable influence on the induc- 
tion of estrus is the presence of the male. A number of studies (80, 81, 
84, 85, 92, 97, 99) have led to the conclusion that the presence of the 
ram during the transition from the nonbreeding to the breeding season 
furnishes an exteroceptive stimulus to reproductive activity. Since this 
stimulus is only operative during the transition period, some have hy- 
pothesized that the presence of the ram brings about ovulation and, as a 
result, the subsequent formation of a corpus lutcum. This structure be- 
comes the waning corpus lutcum which, according to some theories, is 
necessary together with a developing follicle to produce the behavioral 
manifestations of heat (31, 36). 

B. Goat 

The goat, like the ewe, is a polyestrous animal undergoing periods 
of cyclical sexual activity when the days are short and remaining an- 
extrus in other seasons. The height of the breeding period is usually 
about November, in the Northern Hemisphere, but it may extend from 
September to February or even longer. Among the first experimental 
im estimations on the effect of light on the breeding cycles in this species 
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were those of Btssonnette (8) Hrs results mrUcated *at heat P®io^ 
could be induced following the gradual reduction of light JW • 

and would terminate earlier than normal following an increa 
slant light length similar to the number of daylight hours foun 8 

the month of October will also induce the onset of estrus dru ng *e 
nonbreedmg season (112) Goats, like sheep, may have an inhere 
productive rhythm that operates independently of other ext 
\ironmental factors This problem, however, remains unsettled 
Bissonnette (8) indicated that changes m ambient temperatur 
not a major factor m the control of the breeding cycle in goats, but 
controlled experiments have been conducted to test a specific ternpe ^ 
ture effect Social factors, may, however, influence reproductive activity, 
as suggested by one observation (95) in which the presence of the ma 
appeared to stimulate the onset of the breeding season 

C Cattle 

Most cows breed at all tunes of the year, but there is a strong tend 
ency for them to calve more frequently in the months of February ° 
April than at other times The consistency of this observation imphes an 
environmental effect upon reproduction in this species Presumptive 
evidence that seasonal variations m hours of daylight were associate 
with alterations in the fertility levels of cattle was first offered by Mer 
cier and Salisbury (66) In their report, they reviewed the available 
literature and analyzed data obtained from a study of fertility records 
of three herds of cattle located at different latitudes They found sig 
mficant differences in fertility levels of these herds between seasons, an 
from this association suggested that variations in the seasonal length ot 
daylight influenced the reproductive capacity of cattle In a later an 
more extensive analysis of data covering about 125 000 cows, they (67) 
observed a significant correlation between length of daylight and fertil 
lty level Age, however, appeared to influence the light response, young 
er cattle being influenced more easily than mature animals Winter was 
the poorest breeding season for all age groups and fall most consistently 
gave the highest percentage of fertile conceptions when all cows were 
included A beneficial effect of increased illumination upon conception 
rate has been suggested in one report from Alaska The average natural 
daylight in this region amounts to approximately 8 hours When addi 
tional light w as provided conception rate was improved and number of 
services per conception was decreased (93) Although these studies are 
significant, the simple correlation with one environmental factor, length 
of dav light, does not necessarily indicate it to be the cause of the ob- 



234 


M T CLEGG AND \\ F GAN ON G 


that genital stimulation in the cow sets off intense uterrne contracUom, 
presumably due to release of oxytocm from the posterior pitui ary 
report thafsuch contractions are also initiated by the biiU nuzzli g 
cow, or even by the mere presence of the hull On the other hand the 
symptoms of heat may he intensified following exercise, and con P 
sometimes may not occur if postco.tal excitation is marked or p 
longed (32) Presumably, this is due to expulsion of the sem , 

\agina by the straining and increased activity associated with th 

excitation „ , c , /a 

It has been reported that exercise may benefit fertility of bulls t » 
29, 104) These observations, however, are equivocal in view o 0 
results indicating no significant effect of exercise on semen quality t » 


91) 

D Siume 

The domestic pig has a cycle of about 21 days which recurs through 
out the year except when pregnancy or lactation intervenes Althoug 
w ild swme in captivity breed in almost any month except January an 
February, m the wild state they are believed to have only one annua 
sexual season (24) 

Season of year has no effect upon fertility (11) but may influenc 
embryonic mortality Poor litters occur more frequently in the winter 
than the spring and early summer (45) It has been claimed that the 
quality of semen obtained in autumn may be superior to that found in 
summer, hut time of year apparently does not affect spermatogenesis 
The number of tubules containing sperm and the spermatic activity o 
the testis do not show differences associated with season (71) 

No light effect on reproductive activity in the pig has been demon 
strated, but apparently temperature may have some effect- It has been 
reported that sexual maturity m pigs m western Transvaal may occur 
later than it does in Europe because of the higher average temperature 
and lower humidity in this region (15) Nutritional differences, howeser, 
would appear to be a more likely explanation 

Social factors have been shown to he important in the mating he 
havior of the pig Some females although in heat, will not allow certain 
boars to mount A preliminary courtship appears to be necessary before 
the female will accept the male If the boar is permitted to run with 
sows, he wall locate one in proestrus and gi\ e her his undivided atten 
tion After she becomes accustomed to his “teasing” she will allow him 
to mount when estrus occurs (15) Some Russian work suggests that if 
boars are placed with sow s, a higher percentage wall show’ estrus w ithin 
a shorter period of tune than those sows not exposed to the male (76) 
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E Horse 

The horse is usually stated to be a seasonally polyestrous animal, 
with estrous cycles beginning about March and continuing, if unbred, 
into August In the tropics it has been reported that two well-defined 
breeding seasons occur (3) A considerable variation in the number of 
animals showing estrus in any one month exists, the highest percentage 
usually occurring during the spring (46, 79). Many observations indi- 
cate, however, that the mare will breed at any season of die year (5, 19, 
46, 79) The fact that mares, when well fed and stabled, will tend to 
show estrus throughout the year, but, when maintained on grass, fre- 
quently show an anestrous period during the winter (19), suggests that 
seasonal breeding may be due, in part, to nutritional factors 

The influence of light upon reproductive activity in the mare has 
been studied by Burhhardt (16) In his experiments, mares which were 
in deep anestrus, as judged by the absence of ovarian follicles and the 
characteristic anestrous appearance of the vagina and cervix, were di- 
vided into four treatment groups Group I was directly exposed to an 
additional period of light by artificial illumination beginning m January 
Group II was exposed to ultraviolet light applied to the flank and belly, 
which was gradually increased during a period of 4 weeks, the mares 
m this group had their eyes hooded Group III was maintained in con- 
finement under normal light conditions Group IV was allowed to run 
m the paddock No differences in reproductive activity or coat shedding 
were noted between Groups II, III, and IV In Group I, however, ovarian 
stromal growth, increased vascularity of the cervix and vagina, and shed- 
ding of the coat were noted within a period of about 15 to 30 days fol- 
lowing the start of treatment Follicles appeared soon afterwards and 
the first appearance of estrus occurred, on the average, about 30 days 
earlier than in the other groups From these results, Burhhardt con- 
cluded that the stimulus of light exerts a control on reproductive activity 
in the mare Since direct irradiation of the ovaries did not change the 
normal occurrence of estrus, he suggested that the receptor organ was 
probably the eye 

Since the mare is predominantly a spring breeder, it would be ex- 
pected to respond to increasing day length, rather than decreasing, like 
the ewe and goat This has been shown experimentally by Nishihawa 
ct ol (70) They exposed anestrous mares to increased light by artificial 
illumination, beginning in mid-November and continuing to the end of 
February, and found that the ovaries began to function about 65 to SO 
da)s earlier than normal If the treatment was begun in August, the 
transition period between the breeding and nonbreeding season, the 
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ovaries continued to be functional through the n0 ™“^>' r j^ened 
nod On the other hand, when animals were ma "‘ al " ed inhlb 

stables the appearance of ovarian activity was Maye ntrolled by 
ited Reproductive activity, tlierefore appears not to heren t 

light alone but in this species as in the ewe and co , 

^The stallion shows seasonal changes in the quantity and ^^ble 
the semen (47) Changes in incident light are at east partly re p ^ 
for these variations After continuous exposure to a reduce 8 
vironment, sexual activity is inhibited, and sperm concentration 
as motility is reduced (54) Conversely, if stallions are exposed ‘ d 
November to increasing light, testicular activity is rapidly 
The volume and quality of the semen approach that found o 
normal breedmg season (70) e 

Specific effects of temperature on reproductive activity in u 
have not been critically studied, but from Hammonds observa on , 
cold, dry spring appears to be associated with heat periods longer 
usual (33) 

F Rabbtt 

There is general agreement that the wild rabbit displays a seasona 
periodicity with regard to the reproductive state The season of ac lVl ^ 
usually begins in the winter months and, depending upon the s P ecie 
extends into late spring or early fall (10, 30 44 59, 98) Some evi enC ^ 
however, indicates that the length of the breeding season can be a cr 
by external environmental influences For example, Hammond \ 
found it to depend to some extent upon temperature Under excepting 
illy warm conditions some wild does littered in late autumn or e\ 
winter In addition to a temperature influence, light may play a ro e 
the control of seasonal breedmg When New England cottontail rab i 
were subjected to artificial light beginning in December, sexual activi 
began in January, 23 dajs earlier than the normal time (7) Season 
changes in reproductive activity in the wild male have also been o 
served During the stage of inactivity, the testes are small and are p° SI 
tioned in the abdominal cav lty At the start of the breeding season the) 
descend into the scrotum enlarge and reach an optimal functional state 
in early spring (3) , 

With domestication, the rabbit has lost its pattern of seasonal breed 
ing since, under suitable conditions does breed at any time of the >ear 
Nevertheless mating and conception occur more frequentl) during cer 
tain months March to Jul), than at other times, particularly the l a * e 
summer and fall (31, 55 57) Seasonal differences in length of dajhg * 
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may not be responsible for these observed seasonal differences m fertility 
m domesticated rabbits When does were subjected to continuous light, 
continuous dark, increasing light, and decreasing light for one month, 
no significant effects on number of ovulations were found (90) Although 
the exposure of male rabbits to either an increased duration or intensity 
of light was found to significantly increase total sperm count, motility, 
and volume of liquid semen, exposure of animals to 23 hours of darkness 
daily did not alter semen characteristics when compared to nonartificial- 
ly illuminated controls (19a) Since others could find no influence of 
either continuous hght or darkness for short or long periods on weights 
of testes, male accessory organs, and fructose content of the seminal 
vesicles (58), it is doubtful that seasonal changes in hght duration exert 
an important influence on reproduction m the domestic male rabbit 

The rabbit remains in a constant estrous state and ovulation is nor- 
mally induced by coitus, but it can also be brought about by sexual 
arousal from the sight of a male or being mounted by another fe- 
male (3) Thus, social stimuli become an important consideration with 
regard to an influence upon its reproductive state 
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I Introduction 

In recent years the physiological and anatomical aberrations causing 
sterility and lowered fertility in domestic animals have been studied 
intensively because they cause great economic loss and lower productive 
efficiency Many of the major diseases affecting reproduction have been 
adequately controlled and in properly managed herds do not cause losses 
comparable to those seen in former years On the other hand, breeding 
and feeding practices have been directed primarily toward increased 
growth rates and higher milk and egg production, with very little con- 
sideration as to their effects on the reproductive efficiency of the animals 
Tor example, many cases of delayed breeding m dairy cattle may be re- 
lated to the extremely high milk production of the animal and probably 
are due to temporary change in the animals physiological balance 

With few exceptions the anatomical factors of nonpathological origin 
causing sterility and lowered fertility are hereditary in nature (47). 
The pathological origin of sterility' or infertility has been emphasized 
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to develop, the fetuses must have placental membranes in common. The 
freemartin is a genetic female (85); a conclusion confirmed by Moore 
et al. (92) using the sex chromatin test. Anatomically, the freemartin 
is characterized by underdevelopment of structures arising from Muller- 
ian ducts and overdevelopment of parts arising from the Wolffian ducts. 
The mammary glands, external female genitalia, and the vagina are 
usually smaller than normal, and the gonads are rudimentary testes which 
remain in the body cavity. The most generally accepted theory as to the 
cause of the freemartin is that advanced by Lillie (85, 86, 87). Accord- 
ing to his theory, anastomosis of chorionic blood vessels of adjoining 
placentas allows male sex hormones from the early differentiating inter- 
stitial cells of the male co-twin to act upon the undifferentiated female 
gonad, causing development of a male-type gonad. 

The degree of masculinization of secondary sex characters of the 
freemartin is under the control of the freemartin gonad and is related to 
the testicular character of the freemartin gonad (140, 141). Burns (17) 
has critically evaluated the evidence relative to gonadal inductor sub- 
stance and concluded that it is similar but not identical to adult sex 
hormones. 

Using placental mammals, experimental proof of the hormonal theory 
of the freemartin is lacking. However, studies in amphibia and birds 
(21, 44, 101, 141, 145) and in the opossum (15, 16) show that it is pos- 
sible to cause gonadal inversions by use of gonadal hormones. 

Gilmore (47) presents an extensive review of the literature which 
claims a genetic basis for the occurrence of freemartins in cattle. 

The only other species of domestic animal in which the freemartin 
condition has been reported is the pig (64, 65), but the gonadal impair- 
ment is presumably limited to the period of embryonic development 
since its postnatal history is unknown. 

Cases of pseudohermaphroditism in goats are very common (1, 33). 
Some animals exhibit the outward characteristics of the female but have 
an incompletely developed and infantile female tract, while other ani- 
mals exhibit incomplete or abnormal development of the male organs. 

The use of the chromatin method for sex determination in these in- 
stances of intersexes in domestic animals should be helpful in determin- 
ing their basic origin. 

III. Male Infertility 

Anatomical and physiological factors in the male which may be asso- 
ciated with lowered fertility or sterility are particularly serious, not only 
because of the Immediate consequences in a herd of breeding animals 
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but -ilso because of the hereditary aspects of the problem Many of the 
anatomical factors have been shown to hare a hereditary basis, 
due caution should be exercised with respect to the use of sires Having 
such defects Gonadal hypoplasia in both males and females ot we 
Swedish Mountain cattle is a case in point (79, 80) in which widespr 
dissemination of this trait occurred through use of afflicted sires 


A Anatomical Tactors Influencing Fertility 
Anatomical factors responsible for infertility in male domestic ani 
mals include, in addition to the intersex, testicular hypoplasia, cr>p ° - 
chidism, umbilical and inguinal liemns, impotentia coeundi, an a 
normal spermatogenesis with consequent abnormal spermatozoa 


I Testicular Hypoplasia 

This defect, reported to occur in horses cattle sheep (37), and goats 
(106), may occur either unilaterally or bilaterally, and is characterize 
by the smaller size of the testicle and by varying degrees of hypoplasia 
of the germinal epithelium of the seminiferous tubules 

Lager lof (77, 80) has described this defect in the Swedish Highlan 
cattle In 81 9 °/o of the cases, only the left testicle was involved, in 3 6 yo, 
the right testicle, and in 14 6^, both testicles Histological examma 
tions made in about 100 cases, revealed different degrees of hypoplasia 
In the majority of cases there was total hypoplasia with a complete 
absence of germinal epithelium with no sperm or giant cells in the 
ejaculate Eriksson (37, 38) proved that hypoplasia m the Swedish 
Highland cattle is caused by a recessive autosomal gene with incomplete 
penetrance The incidence of hypoplasia was reduced from 16% in 1937 
to 7 9% in 1942 by selection procedures 

Hypoplasia may be of considerable importance in British cattle 
Laing and Young (81) reported that a total of 70 bulls from 12 different 
breeds were rejected for licensing (1 out of each 350 bulls examined) 
m the year ending March 1954 Testicular hypoplasia was the primar) 
cause for rejection The occurrence of hypoplasia in cattle in the United 
States has been reported (41) 


2 Cryptorchidism 

In most of our domestic animals the testicles ordinarily descend 
through the inguinal canal and into the scrotum before birth reten 
tion of the testes m the abdomen or mgumal canal is designated as 
cryptorchidism It is found most commonly in horses and swine 
(139) but may occur also in sheep These animals are invariably 
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sterile (25, 96) if the condition is bilateral Destruction of the semi 
mferous epithelium is complete, but there is an apparently normal 
number of Leydig or interstitial cells However, Hanes and Hooker 
(55) found that testes from cryptorchid hogs contained less than 
one half as much androgen per gram of tissue as the testes from 
normal hogs, suggesting that the androgenic secretion rate may have 
been impaired 

The cause of the failure of testes descent is not known However, 
McLeUan (89) suggested that small underactive testes, an abdom- 
inal processus vaginalis, and the development of adhesions between 
testes and adjacent structures may be implicating factors This proc- 
ess may be under hormonal control, as shown by the use of gonado- 
tropic hormones to cause testes descent in immature monkeys (35) 

The higher abdominal temperature, as contrasted to die scrotal 
temperature, was first suggested by Crew (26) to be the cause of 
sterility m cryptorchidism, a view confirmed by the work of Phillips 
and McKenzie (103) m sheep, in which artificially raising the scrotal 
temperature of rams caused abnormal sperm forms and eventual 
sterility 

3 Segmentation of Gonadal Efferent Ducts 

A congenital defect has been found in bulls in which sections of the 
epididymis, ductus deferens, or glandula vesiculans may be absent This 
may be either unilateral or bilateral, with consequent reduction or com 
pletc absence of sperm Eleven cases of this defect were described by 
Bom and Christensen (10), who term this condition aplasta segmentahs 
ductus Wolffi 

i Umbihcal and Inguinal Hernias 

Umbilical hernia is an inherited defect in Holstein Tricsian cattle 
(131a), as obsened in 21 sires m 3 Idaho herds with a common ancestor 
Gilmore ( 17) obsened 5 cases of umbilical hernia (2 males, 3 females) 
in the Holstein Friesian herd of the Minnesota Agricultural Experiment 
Station According to Williams (139), a large umbilical hernia in bulls 
nu\ present copul ltion b) deflecting the protruded penis from its nor- 
m tl course 

Williams (139) indie ites that the presence of an inguinal hernia 
m breeding males, is tsptcitfk undcslnbk The position of the liodv 
at tin time of coitus tends to increase mtr i abdominal pressure, and 
tm\ force a loop of the Intestine through the Inguinal ring causing 
sir ingot itlon 
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5 Impotentta Coeundi , 

Certam bulls are unable ln copulate becausc ^ “ or 

the penis This has been found to be due to a failure blllty 0 f 

extension of the retractor penis muscles and the consequent b V 

the sigmoid flexure of the penis to straighten dirnng 1 erech0 , rans 

latmn (31) These authors presented evidence for die 1 d ‘ ^ may 
mission of this defect by an autosomal recessive 8="?™““ advisab le 
he corrected surgically (31) with complete cure, but it is not 
to correct it in this way because it is hereditary 


6 Spermatogenesis a 

It is generally acknowledged that poor semen quality is m 

with low fertility in domestic animals The low fertility ma J stes an d bl 
pamed by pathological changes and degeneration rf die test ^ 
hereditary defects in spermatogenesis Lancaster < 82 ) stu “ ec contro l 
histologically of 46 A I bulls slaughtered for low fertility and 
bulls He found a higher incidence of pathological changes '" a 

fertility group, but found it impossible to correlate the patn b 
findings with conception rate figures 

Both Lagerlof (76) and Knudsen (74) have found that degenera 
changes in the seminiferous tubules of bulls start m the primary P 
matocytes The next stage of degeneration occurs in the A sperm 
goma Knudsen (74) reported that, regardless of the etiology m 
various cases of acquired disturbances, the same type of degenera ^ 
changes always took place, differing only m severity In contras 
congenital disturbances of spermiogenesis no degenerative changes w 
observed In the latter instance, defective function in the cell divisi 
apparatus (eg, multiple spindles in spermatocytes, chromosom 
changes, such as stickiness or structural changes) occurred ^ 

A number of hereditary sperm defects have been reported in 
literature Blake (9) noted defects in sperm head morphology ( nar ^ 
rowing of head) which was associated with much sterility The prese 
of an abnormal acrosome has also been associated with sterility m u 
(32, 124) Hancock and Rolknson (54) have reported a defect in 
sey bulls in which the connection between the head and tail had bro e 
down Gregory et al (48) in a study of 5 related Holstein sires have 
presented evidence for a hereditary reproductive defect characterize ^ 
by low concentration of sperm in die semen and a high percentage 
abnormal spermatozoa 
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B. Physiological Factors Influencing Fertility 
Physiological factors affecting fertility in male domestic animals ex- 
press themselves primarily in terms of libido, spermatogenesis and semen 
quality, fertilization rates, and embryo survival rates — usually in several 
of these conditions concurrently. In some instances it is very difficult to 
segregate the factors responsible because of the multiplicity of causes 
and effects. 

1. Endocrine- — Environmental Interactions 

Since reproductive activities in both the male and the female are 
largely under the regulatory influences of the endocrine system, it is not 
surprising that endocrine imbalance is responsible for many infertility 
problems. 

Impotentia coeundi or impotency, for example, may arise in 
animals due to prolonged and severe body disturbances which may 
affect both the spermatogenic and endocrine function of the testes. Bane 
(2) has reviewed much of the work in cattle in this respect. In his own 
studies on Swedish Red and White cattle he found that disturbances in 
the health of the animals strongly influenced sexual functions. That im- 
paired mating ability in Swedish bulls may also be due to the endocrine 
constitution of the breed, was pointed out by Lagerlof (78). A rela- 
tively high frequency of impotentia coeundi existed in this breed. This 
was thought to be brought about by selecting good-natured sires of a 
feminine type at the expense of sexual vigor. 

Bane (2), in a study of the sexual activity of slx identical twin pairs 
of bulls of Swedish Red and White Breed, found that genetic constitu- 
tion of the animals had a dominant influence on the bulls' mating be- 
havior. For example, impotentia coeundi occurred concurrently in 3 
twin pairs while 2 other pairs had normal potency. The level of 
nutrition of the animals had no significant influence on the mating be- 
havior of these animals. 

a. Season, Temperature, Thyroid Interrelations. Among the males 
of domestic animals, rams and bucks normally experience a period of 
lowered fertility during the hot months of the summer (11, SS). John- 
ston and Branton (69) have similarly noted a decline in the fertility of 
bulls in Louisiana with increasing environmental temperatures. This in- 
fertility may be related to reduced activity of the thyroid gland, as in- 
dicated by the report that the level of plasma protein-bound iodine ns a 
measure of thyroidal activity in dairy’ bulls in Louisiana tended to 
decline concurrently with the decline in the percentage of usable 
ejaculates in artificial insemination (-19). 
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Thyroidectomy of rams causes a decrease in sperm n , and 
in abnormal sperm forms, decrease m interstitial tissue ^ 

degeneration of the semimferous tubules (7) Petersen e _ qto0 enesis 
ported that thyroidectomized bulls lacked libido, but spe g 
was normal and semen obtained b> massage was fertile .Wind- 

Bogart and Mayer (11) showed that feeding thiouracil > 
inhibiting agent, to rams caused infertility similar to that cau . 
summer temperatures and that this infertility was prevente in P 
the simultaneous feeding of thyroprotein, a thyroactive materia 
son and Boatman (118) reported that thiouracil fed to an agea - 
caused regressive changes m the semen, but similar treatment was ' 
out effect in a young bull , , 

Attempts to treat infertility in males with thyroidal materi 
apparently met with success Turner et al (130) fed thyroprotein 
buck exhibiting no libido and to a sterile ram Both animals respon ^ 
m a favorable manner Similarly, Bogart and Mayer (11) foun ^ 
feeding thyroprotein to rams in the summer time exerted a bene c 
effect on semen quality The feeding of thyroprotein to a senes o ^ 
aged bulls resulted in increased sexual vigor and speedier ejacu a 
in 10 of the animals (104) , « 

Schultze and Davis (111) fed thyroprotein to 7 low fertility u ’ 
using 7 normal fertility bulls as controls Favorable effects on fertility, 
judged by the per cent of nonreturns to service, were noted within 
to 30 days in 5 of these animals Wamick et al (134) fed thyroprotein 
to rams in doses sufficient to cause weight losses Deletenous effects on 
semen quality were noted in trials conducted m April and May wni e 
summer trials the semen quality in treated animals was equal or sugn j 


better than that in the controls 

b Anterior Pituitary and Adrenal Cortex There is very little m 
formation which shows that impaired activity of either the anterior 
pituitary gland or the adrenal cortex is directly related to fertility P r ° 
lems Gregory ct al (48) reported on a defect in inbred Holstein bu s 
characterized by low sperm concentration in the semen and a rug 
percentage of abnormal forms Cupps et al (27) studied 3 Holstein 
sires, also inbred, and related to the animals studied by Gregory et a 
(48) The injection of these animals with a gonadotropin from horse 
pituitary containing large amounts of FSH caused an increase in the 
sperm concentration of all 3 bulls The authors stated that “a deficiency 
of follicle stimulating hormone appears as one of the factors ins oh ed 
in the production of low quality semen by certain related bulls ” 

Cupps et al (28) have described three conditions in dairy’ bulls m 
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which abnormal histology of the anterior pituitary and the adrenal cor- 
tex is associated with deficient spermatogenesis and infertility In the 
first condition, a deficiency and lack of differentiation of basophilic 
tissue of the anterior pituitary, incomplete spermatogenesis, immature 
appearance of Leydig cells of testis, and lack of masculinity and 
libido indicated a hypoactivity of the pituitary The second condition 
was characterized by hyaline degeneration of small beta cells of the 
anterior pituitary, narrow glomerular and fascicular zones of the adrenal 
cortex, faulty spermatogenesis with degeneration of some seminiferous 
tubules but normal Leydig cells, poor sperm concentration in semen, and 
many dead and abnormal sperm Treatment of these animals with 
ACTH caused a reduction in the number of abnormal sperm, indicating 
that the adrenal cortex was involved The third condition was a complex 
syndrome involving an increase m number and size of large beta cells 
of the pituitary, tumors and hyperplasia of the adrenal cortex, and 
low motility of the sperm 

These studies definitely indicate that both the anterior pituitary 
and the adrenal cortex may be involved in poor fertility of dairy bulls 
It is likely that other species of animals have similar conditions 

2 High- versus Low-Fertihttj Sires 

Salisbury et al (110) reported a significant variation among dairy 
sires in difference between 1 and 5 months’ nonreturns to service as 
evidence of embryonic mortality rates Bulls with the highest fertility 
rate had the lowest apparent embryonic mortality, as measured by the 
increase in per cent of nonreturns to service between 1 and 5 months 
after service 

Kidder et al (72) used a more direct approach to the problem of 
determining fertilization rates Heifers were slaughtered 3 days after 
insemination and ova recovered, ova showing cleavage were classified as 
fertilized Sixteen heifers bred to highly fertile bulls gav e 100% fertilized 
eggs, whereas 16 heifers bred to low -fertility bulls gave 625% fertilized 
eggs High-fertility bulls averaged 717% nonreturns to service while 
the low bulls averaged 54 4% nonreturns to service Tlius, the apparent 
embrvonic mortality m the high bulls was 28 3% and in the low bulls 
was 81% Diluted semen containing antibiotics was used for all in- 
seminations In a larger studv organized in the same manner, Kidder 
ct al (73) used 61 bulls which were classified as high, medium, or low 
fertihtv As shown In slaughter, the fertilization rate was 100% for the 
high hulls, 82.1% for the medium bulls, and 71 1% in the low hulls 
where is the embrvonic mort lhtv rates were 212, 16 8, and 212%, re- 
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spectively, in the three sire groups Based on this study and using a cross 
section of cows and bulls, the authors have estimated the following 
sources of reproductive losses 27%, abnormal reproductive tracts, 
95%, defective ova, 122%, failure of fertilization, and 16 0%, embryonic 
death — for a total loss of 40 4% at 60 to 90 days after breeding 

Hawk et al (57, 58) reported that sires had a highly significant effect 
on embryonic mortality m cattle Curiously, the degree of inbreeding 
of the embryo or the dam showed no statistically significant effect on 
embryonic mortality 

Bearden et al (6) slaughtered groups of heifers at 3 and 33 days 
after breeding to determine fertilization rates and embryonic mortality 
rates High fertility sires had fertilization and embryonic mortality 
rates of 96 6 and 10 5%, respectively, whereas low fertility bulls had 
fertilization and embryonic mortality rates of 769 and 19 2%, respec- 
ti\ely Thus, in the high fertility bulls loss was due almost entirely to 
embryonic mortality, whereas in the low fertility bulls loss was due both 
to failure of fertilization and embryonic mortality Diluted semen con- 
taining both penicillin and streptomycin was used m all instances in 
this study 


Another aspect of this general problem is the effect of mating on the 
subsequent fertility of cows Thus, Rottensten (109), Christian and 
Casida (22), and Flerchinger and Erb (42) have all shown that cows 
bred to low fertility bulls show lowered fertility when subsequentl) 
bred, even though these cows were considered to have been highly fertile 
It is likely that these sires were carrying an infectious agent (probably 
Vibrio fetus) that was causing embryonic death, since most of the breed- 
ings in these studies were made with semen not treated with antibiotics 
That antibiotics m the semen diluter may reduce the percentage of 
delayed returns to service is shown by the report of Foote and Bratton 
(43) in which the nonreturn rates at varying intervals of time after 
breeding was compared on 112 312 first services in cattle in which no anti- 
biotics were used and 233354 services m which 500 units of penicillin 
and 0 5 mg of streptomycin were included per milliliter of diluter 
The percentage of delayed returns between 25-35 days and 60-90 days 
after service was 150% when no antibiotics were used as compared to 
Whc 1 n ant| biohcs were used The smaller percentage of delayed 
returns when antibiotics were used was interpreted as indirect evidence 
or a marked decrease in embrjomc mortalities associated with the 
control of infective agents in semen 

In cnnluatmg Ihe role of the sire :n causing lowered fertility, it is 
evident that semen without ant.biot.es may introduce an agent, probably 



FERTILITY FACTORS IN DOMESTIC ANIMALS 


251 


infectious m nature, causing early embryonic mortality and thus reducing 
the number of surviving embryos In addition, high- and low-fertility 
sires are probably distinguished by a factor associated with sperm Thus, 
high fertility sires will have a fertilization rate of approximately 100%, 
whereas the fertilization rate of low-ferhhty sires will be approximately 
75% Embryonic mortality rates in the high- and low fertility sues tends 
to be about the same 


IV Female Infertility 

Reproductive rates are the product of the fertility level of the male 
and female partners and, as Hammond (51) has stated, is determined 
by the number of ova shed, the number of ova fertilized, and the num- 
ber of embryos developing normally to birth In tins discussion em- 
phasis will be given to those abnormal factors influencing female fertility 
and not to descriptions of normal physiological variations in reproductive 
activity such as were recently reported for cattle by Morrison and Erb 
(93) 

A Anatomical Factors Influencing Fertility 

Fincher (40) observed that 3 daughters of 1 cow, each by a different 
sire, had a virtual absence of ovaries, together with an infantile genital 
tract and absence of estrous activity 

Gonadal hypoplasn occurs in both the male and female of Swedish 
Mountain cattle, according to Lagerlof (77) In a summary of twenty 
5 ears of research on this subject (79) in which 8,145 cows were exam- 
ined, he found that 13 1% of the cows were afflicted Of these affected 
animals, 87 1% had hypoplasia of the left, 4 3% of the right, and 8 6% 
of both ovaries Animals with bilateral ovarian hypoplasia had infantile 
reproductive tracts and never exhibited estrus There was a marked 
tendcnc) for the ovarian h)poplasia to be associated with white coat 
color (113) According to Eriksson (37), this condition is inherited as an 
autosomal recessive 

1 White heifer disease is a form of infertility in cattle characterized, 
according to Spriggs (116), by persistence of the hymen in varying de- 
grees, rudimentary uterine bod} with distension of one or both uterine 
horns, absence of the anterior vagina and cervix, prominent develop- 
ment of Wolffian ducts, longitudinal submucous channels in the vagina 
and nplisia of one utenne horn Bo)d (12) pointed out that this discise 
b due to a failure of normal dev elopment of structures w hich form from 
the Mullerian ducts Tins disease is found most frequent)} in white 
Shorthorns, vet rtd and roan Shorthorns outnumber the whites (60) 
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This condition has been detected in Holstein cattle by Fincher and 
Williams (39) and a disease very similar if not identical to white heifer 
disease was reported in Swedish Friesian cattle (97) 

Newton (95) claims that in some breeds of quick fattening cattle, 
fatty deposits around the genital organs may prevent the ova from enter 
mg the Fallopian tubes thus causing infertility 

Obstructions in the Fallopian tubes or utenne horns or missing p aris 
of these structures may be serious causes of infertility in both swine and 
cattle 1 

Wiggins et al (138) studied the anatomical abnormalities in 5085 
gilts and sows slaughtered in packing plants Tubular abnormalities 
were found in 1 4%, cystic follicles plus cystic corpora lutea in X \% 
cysUc follicles with no corpora lutea in 0 6%, missing parts in 07%, and 
rudimentary male ducts in 8 9% of the animals 
c K , ^,° n f* in a study of abnormalities in the genital tracts 

!L f T . to setde 8^ an d 28 “hard to settle” sows, concluded that 
t ° f g ! tS * nd . 107 % of sow * had gross abnormahties of tracts which 
would make fertilization unlikely In addition, 17 6% of gilts and 

J' C JIT S a r,° ther S ross abnormalities in which fertilization was 
Similarly, Wamick et al ( 135 ) studied the gemtal 
» r ! pe f ,,ICeder ” •"» »d U. and estimated that 

because of gross bamerf.n h"ct. l58% S °' VS "° U ' d ” 0t ^ P ° SSlHe 
to abnorniihl' 0n 'r' » VCr ^ Slm dar to that in sivme with respect 

a sene T M b P ' a " ‘ UbeS Da "' s °" < 3( » «P° rted ,D 

herons or Hetl ^ ^ ^ 

b, an ascending uiUon, usual* “** 

I At B Physiological Factors Influencing Fertility 
1 Abnormal Estrous Activity 

djsfunchof in^he^bovme'Vnd to T °' 1 " fert,1,t >' re ! ated lo endoCnne 

c\stic degeneration r.P llsts c X st,c ovaries, delayed ovulation, 

corpus lmeum, silent hrat Ind’ Thort “'"t" folbcles ’ "» de ‘3 liate 
\ohcd Much rlmir>oi I nd short heat as the principal factors in- 

been reported, but sen°f. ™ LlSS™" 1 ° f lha v . ar,ous dlsordcrs has 
causes of these conditions*"''' “ L1 ^^ >n 15 ava,labIe as to the actual 

burg (132) study ° ctdatl onf and Silent Heat Van Rens 

Africander rattle found “* a bcld ° f 69 F "<=' a ” a " d 91 

cases of anovulation and 30 cases of delajed 
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ovulation and calculated that the occurrence of these conditions ac- 
counted for a depression in the conception rate of 19.2 %. Of the 30 
animals with delayed ovulation, 22 ovulated from 24 to 48 hours after 
insemination, 5 from 48 to 72 hours, 2 from 72 to 96 hours, and 1 from 
168 to 192 hours after insemination. 

Cupps et al. (29) studied the histology of the anterior pituitary and 
tlie adrenal cortex in a group of infertile cows exhibiting irregular cycles 
or absence of estrus. They found a high incidence of atretic follicles. 
In advanced cases there was a decreased percentage of small beta 
and alpha cells in the anterior pituitary, a narrowing of the fascicular 
zone of adrenal cortex, together with a high incidence of extramedullary 
myelopoiesis in the reticular zone. These findings tend to indicate the 
endocrine nature of these disorders. 

Kidder et al. (71) reported an incidence of silent heats (ovulation 
without sexual receptivity) in a Holstein herd in the first 60 days post- 
partum of 44.3%, whereas the incidence in the period from 61 to 308 
days postpartum was only 11%. Trimburger (128) found an incidence 
of 17.5% of silent heats in cows in the period from parturition to first 
estrus and found that cows bred at the silent heats had a normal con- 
ception rate. 

b. Cystic Ovaries and Nymphomania. Nymphomania is a common 
cause of sterility in dairy cattle. It occurs less frequently in horses and 
swine. These animals may show short and irregular heat periods, or 
heat may be intense and prolonged. The ovaries of such animals usually 
contain large atretic or cystic follicles. Characteristic symptoms of 
nymphomania are the relaxation of the pelvic ligaments and the eleva- 
tion of the tail head. 

Casida and Chapman (19) studied the frequency of cystic ovaries in 
a herd of Holstein cattle, including 341 cows and 1280 cow service 
periods. Cystic ovaries were observed in 18.8% of all cows and in 
7.7% of all service periods. From these data a heritability of 0.42 was 
obtained for this condition. Hcnricson (62) found that the average fre- 
quency of cystic ovaries in 5346 Swedish Red and White cattle was 
1S.9% at a mean age of 4.49 years. 

Wiltbnnk ct al. (144) studied factors influencing the frequency of 
cystic ovaries in C sire-groups of Holstcin-Friesian cattle. The incidence 
was significantly affected by the line of breeding. The incidence of 
cystic ovaries was 4.6%, 14.S%, and 17.5% for the first, second, and 
third reproductive periods, respectively. Six per cent of the animals be- 
came cystic 15 to 29 days after parturition, 5.1% in the period from 
30 to 4 1 days, with relatively few !>ecoming cystic at any subsequent 
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times It was net found to be related to the inherent -nilk produeing 
capacity of the animal Henrieson (61) in a study of cystic ovaries in 
149 herds of Swedish Red and White cattle found definit e e vldenc ® 
a hereditary basis of this disease, since daughters of “ ffectel ? of 
showed a significantly higher frequency of disease than did daug 

normal dams . r nr 

It is now generally acknowledged that an endocrine basis ex 
this disease although earlier infective agents had been sugges e 
the causative factors , 

Garm (45) made an extensive study of nymphomania and con 
that its origin is definitely endocrine The anterior pituitaries o 
affected animals had greater absolute weights and greater weights re 
ti\e to body weight Cellular changes in the anterior pituitary 1 « dicaie “ 
unsatisfactory function of cells responsible for secretion of gonadotropi 
and adrenocorticotropic hormones There was also a significant a ren 
cortical hypertrophy, however accompanied by a decrease in the urinary 
excretion of the neutral or androgenic steroids The significance o 
findings on decreased excretion of neutral steroids is in considera 
doubt in light of the findings of Holtz (63) and Mixner et al (91) ' v ° 
found that the so called neutral steroids were probably not steroids a 
all but lonone derivatives related to the metabolism of carotene tc 
decreased excretion of “neutral steroids” as reported by Garm (45) ma y 
have represented decreased consumption of carotene containing hay * n 
this excited state 

Garm (45) presents the following theory as to the cause of nympho 
mama A primary dysfunction of the anterior pituitary causes excess 
secretion of follicle stimulating hormone and a deficiency m secretion 
of luteinizing hormone, causing excess growth of Graafian follicles, big 51 
estrogen secretion but no corpus luteum formation Increased estrogen 
causes in turn increased secretion of ACTH and hypertrophy of adrena 
cortex resulting in excess production of salt retaining hormone by the 


adrenal cortex The salt retaining hormone causes concentration 


of 


sodium ion in follicular fluid and interstitial spaces causing cjstic dda 
tion Tlic estrogens and salt retaining hormone cause edema of pel' 15 
and relaxation of the pelvic ligaments 

Garm (46) describes what may he another more advanced stage of 
nymphomania characterized by adrenal virilism m which the o\ aries are 
small and sclerotic w itli degenerated cysts the adrenal cortex Js hyp er 
trophled and there w as prcsumabl) a greater production of androgenic 
steroids by the adrenal cortex 

Jubb and McEntec (70) histologically examined the anterior pitui 
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taries of cows with cystic ovaries and found evidence for hyperactivity 
(as compared to appropriate controls) of the basophilic delta cells which 
are believed to secrete gonadotropic hormones. Cupps et al. (29) found 
nymphomania to be associated with two distinct conditions in the en- 
docrine organs. In nymphomaniacs whose ovaries had no corpora lutea, 
there was an increase in small beta cells of the anterior pituitary, hyper- 
trophy of the fasicular zone of the adrenal cortex together with a large 
number of follicles in the ovaries. Animals with ovaries containing a 
corpus luteum lacked the large number of follicles, showed hyaline de- 
generation of many small beta cells of the anterior pituitary, and showed 
a hypertrophy of the reticular zone of the adrenal cortex. 

Wayman and Asdell (136) have noted a significant increase in the 
level of the beta globulin blood protein fraction in nymphomaniac cows. 

Casida et al. (20) have been successful in treating nymphomaniac 
cows by the use of unfractionated anterior pituitary extract, further 
suggesting the endocrine basis for this disease. 

2. Estrus, Ovulation, Fertilization, and Embryonic Mortality 

a. Thyroid. The role of the thyroid gland in the reproductive 
physiology of domestic animals has been reviewed by Reineke and 
Soliman (105). They concluded that “the preponderance of information 
now available indicates that there is a reciprocal balance between the 
hormones of the pituitary, the ovary, and the thyroid” and that no ef- 
fective applications of thyroid status have yet been made in the regula- 
tion of reproduction in domestic livestock. 

That the thyroid influences reproductive activity was demonstrated 
by Brody and Frankenbach (14) and Spielman et al. (115), who found 
that thyroidectomy of the cow caused cessation of visible manifestations 
of estrus, although ovulation occurred and the ovum was fertilized. 

In studies with sheep Henneman et al. (60) found no increase in the 
thyroid secretion rate during pregnancy but a significantly increased rate 
during lactation. 

Lewis and Ralston (84) and Robertson et al. (107) showed that the 
level of plasma protein-bound iodine as a measure of thyroid activity 
was markedly lowered in the immediate postpartum period in dairy 
cattle. 

Lennon and Mixncr (83) in a study of 139 reproductive cycles of 
93 Holstein cows found significant correlations on an “nmong-cows-in- 
lactation basis’* between the level of plasma protein-bound iodine and 
the interval from parturition to conception, the interval from first breed- 
ing to conception, and the number of sendees per conception. These 
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relationship between thyroid activity and re 


productive performance , . R reeding. Season, 

b Time of Breeding or Insemination m Relation to Bre g 

Parturition, and Estrus or Ovulation According to Hommcmd ( f , ^1 
rate of reproduction m many species is limited by a resta 
season, the fundamental cause of this nonbreeding season 
output of FSH by the anterior pituitary rwnher to 

In Britain the sexual season for sheep extend from ear y ^ 

late March. The average number of lambs per fertile seme ther ’ ea f t er 
a peak is reached for matings in November and declines again th 

( °^Dutt (34) found that only 41 lft of ewes bred early m the sexual 
season lambed In these animals there was an average 0™“*° 
of 147 ova per ewe Of these ova 389% were not fertilized 
200%> of the ova embryonic death occurred /ionl 

Bissonnette (8), working with goats, and Sykes and Cole l - » 
working with sheep, were able to change the sexual season by moony & 
the light pattern (increasing the length of the light period in win er 
reducing the length of the light period in summer) Their experun 
demonstrate that the sexual season can be influenced by environmen 
factors (For a more complete discussion of environmental effects, s 
Chapter 7, Volume II ) 

The fertility of animals may be influenced by the length ot in^ 
from parturition to the time of first breeding Jennings (67), m a stu ' 
on 191 foaling mares found that animals bred on the ninth day ^ ® 
foaling had a conception rate of 437% and an abortion rate of 1- /° 
whereas mares bred after a longer interval of time had a 673% con 
ception rate with an abortion rate only one fourth as great as in 
former group 

Warnick ct ol (133) found that only 2 of 18 postpartum sows ex 
pcnencing estrus had ovulated Eighteen other sows which did no 
come into estrus had not ovulated at 10 days postpartum It was su^, 
gested that an extrao\anan source of estrogen was responsible for t e 
occurrence of the postpartum anovulatory heat in sows 

In dairy cows a number of studies ha\e been made on the effect of the 
length of the postpartum interval to time of breeding on breeding 
efficients (99, 114 127, 131) These studies uniformly show that n 
period of at least 60 day’s should elapse after parturition before the first 
breeding is attempted, as judged by conception rates 

The time of breeding dairy cows with respect to the start of estrus 
or the time of ovulation has a considerable effect on breeding efficiency 
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(5, 59, 125, 126, 137). In those studies in which the time of breeding 
was related to onset of estrus, the most favorable time was found to be 
from mid to late estrus. Trimburger (126) related the time of breeding 
to the time of ovulation using rectal palpation techniques and found 
that the optimal time was 13-18 hours before ovulation. 

Barrett (4) presented data suggesting that the age of the ovum be- 
fore fertilization may influence both the fertilization rate and embryonic 
mortality rate as determined by necropsy in cattle. Animals inseminated 
at 2-4, 6-8, 9-12, 14-16, 18-20, and 22-28 hours after ovulation had cor- 
responding fertilization rates (as determined at 2-4 days) of 75, 75, 60, 
25, 40, and 0, whereas the corresponding per cent of normal embryos at 
21-35 days were 75, 30, 31, 0, 17, and 0. While the number of cows in- 
volved in these studies (23 for fertilization rates and 52 for embryo 
studies) was not large, the study does suggest that older ova are less 
fertile and embryonic mortality of those fertilized is high. 

c. The “Repeat Breeder.” Much attention has been given in recent 
years to the cause of infertility in the “repeat breeder,” an animal which 
has been bred a number of times without conception, yet demonstrates 
normal estrous cycles and has an apparently normal reproductive tract. 
The portions of reproductive failure due to failure of fertilization and 
to early embryonic mortality have received particular attention. 

Kidder et ah (73) and Bearden et ah (6) found that normal cows 
and heifers bred to highly fertile bulls have fertilization rates of 96.6 
to 100% and embryonic mortality rates ranging from 10.5 to 24.2%. 

Tanabe and Casida (123) in a study of 104 repeat-breeder cows, 
found a failure of fertilization of 39.7% and an embryonic mortality 
rate of 39.2%, leaving 21.1% normal embryos at 33 days postpartum. 
Genital abnormalities constituting a physical barrier to fertilization were 
found in 8.7% of the cows. 

Tanabe and Almquist (121, 122) reported on a series of 200 repeat- 
breeder heifers in which the ova from 38% of the animals failed to be 
fertilized; 29% had embryonic mortality, leaving 33% normal embryos 
at 33 days postconception. Thirteen and one-half per cent of the animals 
had anatomical genital abnormalities. 

Hawk ef ah (58) also studied embryonic mortality between 16 and 
31 days in repeat-breeder cows. Fifty-eight per cent of 50 cows had nor- 
mal embryos at 16 days whereas only 28% of 50 cows had normal 
embryos at 34 days, or an embryonic mortality of 51.7% between 16 
and 31 days. 

Neither crossbreeding (23) nor use of ascorbic add or chlorobutnnol 
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(24) was effective in increasing the conception rate of repeat-breeder 

C ° % The injection of 50 mg of progesterone per day from 3 da>s after 
estrus to slaughter increased normal cmbr) os from 33 3% to /o 
at 34 days in repeat-breeder cows while the injection oj 200 rng ! ° 
progesterone per day increased normal embryos from 25 8 to 
These differences, although not statistically significant, may be real ( wi- 
lt is interesting to note that the pregnancy rate was increased tro 
420 to 70 % in 70 normal cows by the injection of 100 mg of proges 
lerone on each of days 2, 3, 4, 6, and 9 after breeding (68) Thus, a 
cause of embryonic mortality in both normal and repeat breeder cows 
may be the lack of a suitably progesterone prepared uterine environ- 
ment 

In a study of repeat breeder gilts and sow s with no apparent anatomi 
cal abnormalities, Wamich ct al (135) found fertilization rates of 9 
and 80 0 % in the gilts and sows, respectively, while the normal embryos 
at 25 days were 45 4 and 0 0 % in the gilts and sow s, respectively, for an 
embryonic mortality rate of 51 3% in the gilts and 100% m the sows 
In contrast, a random group of pigs was found by Casida (18) to have 
a fertilization rate of 88 2% and an embryonic mortality rate of 32 4% 
Squiers et al (117) found no significant differences in embryonic 
survival to 25 days among one outbred and three inbred strains of swine, 
but found a significant increase in embryonic survival to 25 days m 
crossbred gilts from the four parental strains as compared to the parent 
strains 

Olds and Van Demark (100) made an excellent review of the litera- 
ture regarding the role played by variations in the maternal environment 
provided by the genitalia for spermatozoa, ova, and embryos on 
fertility 

3 Fetal Abortion and Atrophy 

Abortion is a common cause of reproductive loss in farm animals, it 
is highest in cattle, particularly dairy cattle, but occurs also in sheep 
and horses The incidence of abortion is greatly influenced by the 
presence of specific pathological factors such as brucellosis and Vibrio 
fetus However, Morrison and Erb (93) found the incidence of abortion 
in a large herd of Holstein cows to be 50% after the elimination of 
brucellosis as a causative factor 

^ Fetal atrophy occurs most commonly in pigs ( 108) among the farm 
' animals but occurs also in horses, sheep, and cattle (91a, 129) Lethal 
Mendelian characters of a recessive nature have been described in man) 
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species ( 53 ) as causing resorption and probably are the cause of 
lowered fertility usually associated with inbreeding Erb and Morrison 
( 36 ) reported that in a large Holstein herd over a period of 30 years, 
mummified fetuses were present in 1 1 % of all cows and 0 43 % of all 
parturitions The average gestation length in these animals was 215 days 
Recent research has done much to determine at which time em- 
bryonic and fetal losses occur, but much more needs to be done to de- 
termine the specific causes of these losses As the control and eradica- 
tion of specific diseases associated with reproduction increase, it will 
be less difficult to isolate and identify specific anatomical and physio- 
logical factors causing reduced fertility 
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I Introduction 

The presence of disease processes of infectious origin m the wch^ 
vidual animal, the group, or the area creates an emergency More 
less precipitous action is necessary to keep losses at a minimum 

Consequently, these conditions were early investigated, and a ' aU 
able body of knowledge developed regarding etiology, diagnosis, an 
control This was particularly the case with reproduction in domes 
animals because of world wide distribution of brucellosis ^ 

Modem advances in physiology and biochemistry have done muc , 
broaden the viewpoint on phases of problems in reproduction '* 1 
the greater number of infectious agents now known to cause reprociu 
live failure of varying duration the differential diagnosis becomes cli 
ficult Also, nutritional deficiencies and hereditary abnormalities may 
be invoked 

In planned experiments on domestic animals, whatever the nature, 
all workers in reproductive problems need to be constantly on guar 
to prevent intcrcurrcnt disorders from seriously vitiating their data Th* s 
requires the recognition of infections of bacterial, viral, protozoal, or 
other origin, and of the steps to be taken in their elimination 

The reproductive tract, particularly in the female, is not sterile 
Nonspecific microbiological agents, more or less regularly present, may 
develop activity under favorable circumstances and set up disease 
processes Similarlv, a \anety of conditions resulting in prolong? 

“ * pyrexia, especially those of infectious origin, may result in death an 
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premature expulsion of the developing fetus after recovery of the preg- 
nant female. Survival from febrile infections is much more common at 
present with antibiotics and antisera treatments of affected animals. All 
these factors tend to create situations where the limits of physiological 
variations tend to merge with pathological processes. 

Space limitations require brief presentations of the disease processes. 
Effort has been made to direct attention to all of the important infec- 
tions in the major domestic animal species. Where more details are 
required, under particular circumstances, than presented here, they may 
be obtained from more elaborate treatises on the various subjects in 
the literature. 

II. Bacterial Infections 
A. Brucellosis 

Brucellosis is a world-wide infectious disease affecting a variety of 
mammalian species, including man. It is widely agreed by students of 
die history of medicine that Hippocrates described this disease in his 
Epidemics. 

1. Etiology 

The causative organisms now classified in the genus Brucella include 
three species, as follows: Brucella melitensis, abortus, and suis. The 
history behind the present classification is interesting. Bruce (11), of 
the British Army Medical Corps, discovered the melitensis species in 
the spleen of a human patient dead of the disease in 1887. He described 
it as Micrococcus melitensis , the cause of Malta fever. Later, the British 
Mediterranean Fever Commission was appointed in 1904 by the Admi- 
ralty, die War Office, the government of Malta, and the Royal Society. 
It consisted of 12 research men headed by Bruce. This Commission 
published its findings in 1905, 1906, and 1907 (10). Their brilliant work 
showed the disease to be widespread in the milk goats on the island of 
Malta. There was a high incidence of the disease in British Military 
personnel stationed there. Tin's was proved to result from consumption 
of raw milk from the infected goats. The disease was completely elimi- 
nated from the military personnel when health regulations required 
the goats’ milk to be heated before human consumption. 

The abortus species was isolated by Bang of Denmark from daily' 
cattle in 1897 as Bacillus abortus (5), the cause of bovine infectious 
abortion. In 1917 Alice Evans (3S), in the United States Bureau of 
Animal Industry, worked with the melitensis and abortus organisms. 
She found them to have a close resemblance in morphology, cultural, 
and serological reactions. Tills was confirmed by Meyer and Shaw in 
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WO (81) Their suggestion that the present classification of the 
species under the genus Brucella has become accepted 

The sms species was isolated from swine by Traum in 191 1 
working in the Bureau of Animal Industry in Washington 

All three species are infectious for man but meUemrs is most u> 
vasive, sms is second and abortus third wavs 

The organism enters the body of the host species in various * 
probably most often by way of the digestive tract The oinjunchv ^ 
route of invasion (100), and a favonte method of infecting 
experimental work Schroeder and Cotton (99) demonstrah ed infect. ^ 
could take place through the teat canal to the udder and als 
naturally infected hulls the organism could produce abscesses . 
epididymis and testis Semen from infected bulls can trans 
infection through normal breeding or artificial insemination 1 ^ 

infected cows was early found to contain the organism ( ) 

plant waste, particularly unheated skim milk or whey from a cou 
milk plant, may contaminate streams running through pastures ^ 

There is evidence that the abortus species is involved m the cau 
fistulous withers and poll evil in horses by setting up inflamma 
the bursae under the attachments of the hgamentum nuchae ^ 

been isolated from the discharges in these cases It has also been ou^ 
in dogs chickens and other animals The mam species of domestic a 
mals affected are goats cattle, and hogs, each with its own variety 

- 2 * * * 6 - - of the mfec 


the organism they are quite species specific Transmission 


tion in these animals is readily done with the Brucella species affec ng 
the particular animal and difficult with the other strains Outside 1 
bodies of infected animals the organisms are readily killed b> dr) 1 ° 
and exposure to sunshine On the other hand they live for mont s 
dried placental membranes unne contaminated moist straw, and aroun 
contaminated animal quarters 


2 Location tn Bodies of Infected Animals 

The Brucella organisms are sexotropic and tend to become establish^ 
in the sex organs of the host animal They may remain in the bodies 
of infected animals over a considerable part of their lives There arC 
four principal locations where they are found and from which infection 
is spread as follows 

(o) The genital tract of infected males where abscess formation is 
common in the epididymis and testicle In such cases the organisms are 
discharged with ejaculated semen or in \ oided unne 

(b) The pregnant uterus of the infected female The infection gains 

entrance from the blood stream or at breeding or artificial insemination 
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and invades the placental attachments The chorionic cells of the fetal 
cotyledons are seen under the microscope to be tightly packed with 
Brucella organisms From here they spread out over the chorion (106) 
They move into the amniobc fluid, as the fetus develops, it physiological- 
ly swallows this fluid The organisms gain access to the stomach and 
internal organs The changes produced in the cotyledons and body of 
the fetus result m death and abortion On the other hand, the fetus may 
reach term before this occurs and be bom alive, but the placental mem- 
branes and the uterine discharges are teeming with the Brucella or- 
ganisms When the uterus has undergone involution and the animal is 
nonpregnant the organisms are not usually found there, even though 
the animal remains infected 

(c) The udder and mammary lymph glands This is quite a per- 
manent seat of infection, and in many cases the infection continues over 
several lactation periods or even the life of the animal The organisms 
are regularly discharged with the milk 

(d) In the gastrointestinal tract of calves during the milk drinking 
stage, with consequent discharge sn the feces The abortus organisms 
do not remain m the bodies of these young animals from the time of 
weaning until they reach sexual maturity (56) This is thought to be 
due to lack of development of the reproductive organs at tins stage of 
life They are found m the lymph glands along the digestive tract and 
disappear in 50 to 80 days after ingestion of infected milk ceases 

3 A Self Limiting Disease 

Brucellosis is a chronic infection that remains indefinitely in a herd 
Young heifers coming into sexual maturity will pick up the infection 
and may abort the first calf after mature cows show no symptoms Ani- 
mals frequently abort only once, more than tw o abortions are uncommon 
Thus, in the individual it is n sclf-limitmg disease, because the animals 
de\clop a degree of immunity Pro\idcd no new infection is added from 
the outside, it will cease to produce its manifestations o\cr van mg 
periods of time in different herds Tins situation may change and n 
new storm of abortion mi) occur if new infection is added through the 
purchase of infected animals Herd resistance to infection lias been 
observed b) all who have studied the disease in the field This explains 
the rc ison vvhv so man) worthless agents have acquired a popular cura- 
tive reputation 

t Diagnosis 

Brucellosis was formerlv so widespread that it was first to l>c sus- 
ptclcd fn nil casts of premiture expulsion of the fetus in cattle Reccnth, 
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a number of other mfect.ons render a drfferenbal dmgnosrs rmportant 

and more difficult from the 

The isolation of the abortus organisms on culture med gnd 

fetal tissues or placenta is quite readily done if the tissues ar d 

clean when received at the laboratory This may also be P 0 of 

from uterine exudate or from abscesses m the epididymis ach 

bulls A most reliable procedure is the inoculation of 
contents and spleen li\er, and lung tissue of the fetus m g | one 
It is necessary when cultures are contammated This may i lUin 

with milk from the udder Smears made from the chonomc p ^ 
of the fetal membranes and showing the bacterial cells packed 


are quite characteristic _ ratt i e 

The serological reaction of the host animal is very defamte 
Positive agglutination test of the blood serum of the dam is com 
used in making a diagnosis A complete agglutination in the u 
with a dilution of 1 100 or higher, constitutes a positive reach ^ 

indicates infection This has been raised officially to a titer ot . 

vaccinated animals The test may be done with the plate or * 
method The tube or slow method is the standard procedure P s 
lized antigen for the agglutination test is supplied by the Unite ^ 

Agricultural Research Service to laboratories doing official testin D 
standardize the results , 

Agglutination tests are also made with milk This was dev elope 
the ABR (Abortus Bang Ring) test by Fleischauer (44) in German) 
The preparation of the antigen for this test is important It is a suspen 
sion of Br abortus stained with hematoxylin The test is easily ma 
using one milliliter of fresh milk to one drop of the antigen and incu 
bated at 37°C for one half to one hour In positive cases the aggm 
natcd clumps of stained organisms nse to the surface making a de n 
nng in negative reactions the milk remains a bluish color, cappe j 
an uncolored fat la) er This is largel) used as a herd test and is officia ) 


recognized 

An individual vvhc) test is also used with milk after separating t ® 
curd with rcnnin It ma) be made with the plate method using Ah 
antigen Cameron (21) reported a comparison of blood and who) 
brucellosis tests on 20 000 cows with evidence that they are equal' 
effective Roepke ct of (95) also made a study of the whey pl ate 
agglutination test for brucellosis The) found marked variations in 
the relative levels of agglutinins in the blood as compared with the 
rmlk. This test is not officiall) accepted in abortion control programs 
Milk samples arc caster to secure with less disturbance of the milking 
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herd, than blood samples It would thus have advantages if proved 
useful alone, or m conjunction with blood tests m the final cleanmg-up 
of infected herds 

5 Control 

Control depends somewhat on the species of animals affected, amount 
of infection present in the herd, and the area and location of the infected 
animals In the case of the mehtensis species, it is endemic in goats in 
certain locations, such as the Mediterranean area in Europe and along 
the Mexican border in southwestern United States Efforts have been 
largely confined to pasteurization of milk from the goats to prevent 
human infection 

Recently, Elberg and Faunee (36) have developed a promising vac 
cine against the mehtensis species m goats This work has been con- 
firmed in England at the Ministry of Agriculture and Fisheries Labo- 
ratory at Weybndge In the human family it is an occupational disease 
and prevalent among persons m contact with animals and slaughtering 
establishments 

Brucellosis in swine is widespread in this country and is an important 
economic and public health problem In this species the agglutination 
test is not a reliable means of diagnosis m the individual pig (22, 60) 
Blood testing as a means of eradication m the swine herd must be based 
on the unit as a whole and not on the individual animal Weaned pigs 
are usually not infected and are resistant at this age to natural exposure 
Freedom from infection may be determined by the efficiency of the 
blood test when applied to the entire herd with no reactors found (20) 
These negative young animals may therefore be used as a nucleus for a 
clean unit kept away from the infected herd The rapid reproduction in 
this species provides replacement animals and the slaughter salvage of 
infected animals makes this a practical means of developing a new herd 
free from infection It is successful in isolated herds but offers more 
complications where swine breeding is intensively practiced in con- 
centrated areas Strain 19 \accinc is not satisfactory for immunizing 
sw me 

The abortus species m dairj and beef cattle also is a public health 
problem Its enormous economic losses have caused widespread, inten- 
sive efforts at control in man) parts of the world 

The blood agglutination test is highl) accurate in cattle In areas 
where a low incidence of the disease exists, repeated appheitton of 
the test with si inghtcr of reactors and cleaning ami disinfection of the 
premises have betn quite successful in its eradication from individual 
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herds. Reinfection must be carefully guarded against, as the herd 

becomes highly susceptible. has 

The self-limiting nature of the disease in the individual h 
resulted in widespread efforts to develop herd immunity oug 
cination. Bang, in 1906 ( 6), had success in immunizing sheep, g j 
and cattle with living abortus cultures injected into open an J m ’ 
early became recognized that killed organisms had little or no im 
ing properties. On the other hand, virulent living organisms, 
having protective properties, would become established in the u 
of lactating cows and be regularly given off in the milk. 

Efforts to develop an organism with reduced virulence but 
retention of protective properties have been successful ( 16, 17, - , - 
Br. abortus Strain 19 was developed by these workers and has bce<} 
the most widely used culture for the production of live vaccine in 
United States and other parts of the world. 

For fifteen years after its development Strain 19 vaccine was ex en 
sively studied in the field; in 1941 Mohler et al (87) brought calfhooo 
vaccination with this strain into the official program for abortus con ° 


in the United States. 

The production and distribution of this live abortus vaccine requires 
great care and close official supervision. Improved standards are con- 
stantly being developed. Strain 19 organisms have several variants on 
culture media, producing rough, smooth, and mucoid colonies (“/• 
For vaccine production the smooth, highly antigenic type is most desir- 
able. Possible dissociation of the vaccine cultures must be carefully 
guarded against Also, early failures with this vaccine were undoubtedly 
due to the fact that all the organisms in the vaccine were dead when 
it was used. The United States Agricultural Research Service now sup- 
plies vaccine-producing companies with new cultures of Strain 19 at 
frequent intervals. All lots of vaccine are tested by the government 
before distribution. It must contain 10,000,000,000 viable organisms per 
milliliter when processing is complete, and 5,000,000,000 on the expira- 
tion date, which is 3 months after production. It must be distributed in 
single dose (5 ml.) containers. 

Over the years since its development the Strain 19 culture has proved 
to be remarkably stable, with no decrease in immunizing results or in- 
crease in virulence. Mingle ct al. (84) failed to increase its virulence 
in 6 serial passages through normal pregnant cows with very large doses 
injected intravenously. It did produce abortion and Strain 19 was 
eliminated by the experimental animals. Controls in close contact 
showed nothing more than a temporary agglutination blood titer of l:2o. 
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The vaccine is used on calves between 4 and 8 months of age. At 
this age it produces lower agglutination titers that remain less lasting. It 
may be used in older animals but not after the fourth month of preg- 
nancy. It is more effective with advancing age up to sexual maturity 
(55). In reinfected herds adult vaccination will reduce abortions among 
the uninfected animals, including revaccination of animals vaccinated 
in calfhood, if abortion develops among them. This should have official 
sanction in control areas. 

Animals showing positive agglutination reactions are already infected 
and no advantage results from their vaccination. 

The widely used vaccination program has been very successful and 
greatly reduces losses from the disease. In highly infected herds and 
areas it is the desirable practice. In time it reduces the incidence of 
infection, but alone will probably never eliminate the disease over wide 
areas. When the incidence of infection becomes reduced sufficiently, 
agglutination test and slaughter of reactors may be resorted to in the 
production of official brucellosis-free areas without too serious financial 
cost. 

B. Leptospirosis 

1. Etiology 

The Icptospirae constitute a large group of microorganisms which 
were of little interest to medical investigators until the diseases caused 
by them became more widely recognized in the 1930’s. Thirty-six sero- 
types of pathogenic Icptospirae have been described (118). There is un- 
certainty as to whether many of these should be considered distinct 
species or merely serological types. Not only has speciation been diffi- 
cult, but the grouping of these organisms among other classes of micro- 
organisms has been a problem. Some investigators consider them in a 
position intermediate between bacteria and protozoa. At present they 
arc grouped with the bacteria in the order Spirochactalcs and arc con- 
sidered to be related to Treponema pallidum , the cause of syphilis in 
man. 

Structurally, the Icptospirae are very delicate, spiral-shaped organisms, 
about 10-20 jt in length. Twelve to eighteen tightly bound spirals 
constitute the middle portion, with one or l>oth ends extended to give 
the appearance of a hook. An axial thread extending through the length 
of the organism has been described and is thought to give the character- 
istic shape to these cells, which arc pliable on contact with other objects 
but return to the original shape as they move by rotation along the 
long axis. 
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The pathogenic leptospirae perish rapidly after excretion fr °™ ^ 
infected host They are very sensitive to factors, such as dcsi . 
heat, and cold Transmission between hosts is assumed to 3 
direct or, in instances where bodies of water are involved as the 
of infection, it may be considered that continuous contamination or 
water by earner animals is responsible (52) 

The leptospirae are well adapted as parasites of some hosts w »c 
may show no signs of disease and yet shed the organisms in their uri 
over prolonged periods The healthy earner is the important epi e ” 11 
logical factor m the control of leptospiroses There are several concli io 
of man and animals caused by these agents, some of which are impor a 
in the United States, they have been listed on Table I 


TABLE I 

Leptospiroses Occurring in the United States 

Serotype 

Important epidemiological hosts 

Name of disease in mao 

L pomona 

Cattle swine horses occa 
sionally sheep and goats 

Swineherd s disease 

L icterohemorrhagtae 

Rats dogs occasionally cattle 
and swme 

Weils disease 

L camcola 

Dogs occasionally swine and 
cattle 

Camcola fever 

L outumrwlis 

Mice 

Fort BraRE fever 


It is apparent that the leptospiroses are numerous and complex m 
their epidemiological cycles Leptospira pomona is the only serotype or 
recognized importance as a factor in reproductive failure, the remainder 
of this discussion will be limited to its role in relation to diseases or 
domestic animals 

In 1937 Clayton et al (24) isolated a leptospira from a dairy farmer 
in Australia that he named L pomona Baker and Little (4) first isolated 
L pomona from cattle in the United States in 1948 although leptospirae 
had been observed in stained bovine tissues in 1944 by Jungherr (62) 

2 The Disease 

The disease in cattle presents an acute phase during which bovines 
of varied ages and both sexes may demonstrate high fevers (103— 107°F )* 
depression, anorexia and dyspnea This stage of the infection is as 
sociated with rapid lysis of erythrocytes resulting in the expected effects 
of icterus hemoglobinuria, edema, and anoxia Lactating cows have 
a sudden cessation of milk secretion which results in flaccid udders con 
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taining pink or brownish milk and occasional blood flecks. Mortalities 
occur in this stage of the disease with up to 33% losses in calves in some 
cases. Mortality among adult cattle is considerably less. 

It is during the convalescent period or following mild infections, 
during which few clinical signs are observed, that abortions occur. This 
important sequela to leptospirosis is seen 2-6 weeks after the acute 
phase and occurs at a time when the antibody response is high or 
near its peak (40). The incidence of abortion varies from a few pre- 
mature births to 50% among the pregnant cows, with many reports of 
a rate of 25% (3). Abortions occur most frequently in the last third 
of pregnancy. The act of expelling the fetus seems to have little ill 
effect on the dam and the fetal membranes are usually expelled naturally. 

Other events in the host-parasite relationship that are less obvious 
than those already discussed have importance in explaining the disease 
and in diagnosing it. In the chronic carrier state, the organism usually 
resides in the kidneys, thus permitting the parasite exit from the host in 
voided urine. Swine are thought to be the most important species in 
the epizootiological chain, although cattle also have been observed to 
shed the organism for as long as 3 months following an acute attack. 
Infective urine splashed onto the nasal mucosa or conjunctiva is ap- 
parently the common mode of transmission. Ingestion of the leptospirae 
does not usually result in infection. The organisms increase in numbers 
following host invasion and have a period when they are widely dis- 
tributed throughout the blood and tissues. This is the stage of leptospi- 
remia wherein the host is acutely ill and the organisms may be detected 
in the blood by culture or animal inoculation. At this time the lysis of 
erythrocytes occurs through mechanisms as yet undetermined. With the 
emergence of quantities of antibodies at about the eighth to the tenth 
day following infection, the leptospirae disappear rapidly from the blood. 
Their site of continued proliferation is usually limited to cortical regions 
of the kidneys. At this stage the agent may be detected by culture and 
animal inoculation of the urine. Serological tests for detection of the 
characteristic antibodies will be positive at this time. 

Death occurs during the acute phase, while abortion is an event 
seen during the period of clinical convalescence. It is an interesting 
observation that expulsion of the bovine fetus is not associated with 
massive infection of the placenta or caruncles. Tins, then, is in contrast 
to other infectious causes of abortion, such ns brucellosis. The present 
evidence indicates that the fetus dies in utcro but is not infected. The 
dead fetus is then expelled. Experimental proof of the mechanism in- 
volved in this event lias not been forthcoming; however, a hypothesis 
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by Terguson ct al (40) oilers an interesting explanation They F°P“ e 
that the leptospirae do not pass the placental barrier, but * he, '_L_ b 0 { 
toxic products reach the fetus at the time when great "™ bcr 
leptospirae are destroyed after antibodies have appeared 
products from the leptospirae are then assumed to lyse the eryth > 
of the fetus, which results in its death from anoxia and subsequent « 
tion In favor of this hjpothesis is the observation that erythr _ > 
counts may decrease in tlie fetus following the development o ma 
antibodies and icterus of the fetus has been seen , 

In the case of swine, the leptospirae can be found in weak, a o 
pigs or in pigs farrowed by an infected sow (40) Clinical disease a 
the act of abortion are less frequently observed in swine than in ca 
It should be kept m mind from tlie standpoint of human healt 1 
urine from both species is a potential health hazard to personnel 


3 Diagnosis 

The patterns of leptospirosis vary a good deal among different herds 
The acute process is more likely to be fatal among the beef breeds rm 
dairy calves The acute phase may be mild enough to go unnotice s 
that abortion is the first observation made In retrospect, the livestoc 
man may recall that some animals in the herd had shown transitory ° 
pression and anorexia prior to the onset of abortions Serological tes s 
in affected herds will demonstrate a percentage of animals reactin 0 
positively There may he justification for some reservation about t e 
diagnosis based on serological evidence if a clinical episode resembling 
the acute phase has not been a part of the disease pattern There is 
value in taking a repeat bleeding a few weeks following the initial bloo 
test to determine whether animals that were formerly negative are 
developing titers and whether the titers are rising m animals previous!) 
positive This kind of diagnostic information removes the criticism that 
the positive reactions from the initial bleeding might have been due to 
some prior infection and therefore unrelated to the current storm 0 
abortions 

The diagnostician is most satisfied with a leptospirosis diagnosis if the 
organism can be recovered from the affected animals This, however, is 
usually a difficult task which requires several strokes of good timing to 
accomplish During the acute phase the organism may be present in the 
blood Aseptically drawn blood is transferred to certain culture media 
In addition, intrapentoneal inoculation of golden hamsters and ) oung 
guinea pigs may serve to detect the agent Following the acute phase, 
the organisms will most likely be recovered from freshly voided urine 
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The problems here are to take the sample at a time when the organisms 
are present in blood or urine and to get it transferred promptly to media 
or animals, as the organisms die very readily. 

Dark-field microscopy is another method of diagnosis that is valu- 
able for giving prompt and presumptive diagnoses. It has the same 
requirements of good timing and rapid examination that have already 
been mentioned. Limitations in the method are the small volume of 
material that can be examined, which may result in a false negative 
diagnosis, and the necessary ruling-out of artifacts which would lead one 
to make an erroneous positive diagnosis. Skill and experience are re- 
quired to render a useful report. 

Serodiagnosis is performed by several modifications of the agglutina- 
tion phenomenon or by complement fixation. Thus, there are tests bear- 
ing the following names: agglutination-lysis test; macroscopic tube ag- 
glutination test; capillary tube test, rapid-plate agglutination test, etc. 
The test most commonly used and most specific in reaction is agglutina- 
tion-lysis. Test serum is diluted out serially in small depressions on a 
porcelain plate and then mixed with live leptospirae. The plates art? 
incubated for 2 to 4 hours, after which a drop of the serum-cell suspen- 
sion from each dilution is placed on a slide and examined with the dark- 
field microscope. The phenomena of agglutination and lysis are observed, 
and skill is necessary to determine the end point of reaction. Wolff ( 118) 
states that titers above 1:300 may have diagnostic importance. 

The assistance of a leptospiral reference laboratory is necessary to 
determine the identity as to serotype of leptospirae isolated from eases 
of the disease. The procedure is one of antigenic analysis which is 
based on agglutination of the test culture by serological reagents of 
known antibody content. 

4. Control 

Control of leptospirosis rests upon avoiding the shedding carrier 
case and preventing animals from becoming carriers. The infected herd 
poses a problem, since several of the animals must be assumed to bo 
shedding the organism for possibly 3 months among cattle, and much 
longer periods among swine. Antibiotic treatment and blood transfu- 
sions at the time of acute symptoms may help the host survive, but elimi- 
nation of icnal infection is not certain. Brunner and Meyer (14) re- 
ported elimination of the carrier state among dogs by the use of strepto- 
mycin or aureomycin, but not penicillin. There is no definite evidence 
on this point among the large domestic animals. Encouraging results 
have been reported from the addition of terramyctn to the feed of swine 
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te the elimination of renal infection (2) Conclusive results on this 
aspect of control should be available soon 1S no w pos 

immunization of cattle and swine with hilled lepto P ejected 

sible, although the period of increased resistance should not *1 
to be much more than 6 months . means of control 

Sanitation will always be one of the imp me r swine 

Swine should not be permitted to mingle with catde. sin, feed 

are thought to be the most important link in tra ” s ™ SS ° wate rs ponds, 
mg and watering conditions must be mamtanedi Surfs .ce™ 
and slow moving streams should be avoided if ther 
that they could be contaminated 

C Vibriosis 

1 Etiology waS 

Vibrio fetus, the cause of vibnos.s among sheep and catt e^ ^ 
described as early as 1913 by McFadyean and Stocl | man m ad S econ „m.c 
the great burden of brucellosis as a worldwide health and 
problem overshadowed its importance (10&) T Smith ( ' ' states 

the organism from aborted bovine fetuses in 1918 in i «tjortion 

hut it was considered little more than an occasional cause o hu 

for several years In 1947 Plastndge (92) renewed interest m 
disease by suggesting that it plays an important role m lnlerrn r>, 
inducing abortion y f e tu$ 

On microscopic examination of properly stained preparation* # g 
is observed to be a small rodlihe bacterium bent into comma a ^ 
shaped forms In wet mounts of live cells motility may be s< T e " caU 
organism grows rather scantily on artificial media and specia P ^ 
hons, such as growth under increased carbon dioxide tension, or ^ ^ 
with reduced oxidation reduction potentials, must be used cr ^ 
many members of the genus Vibrio free in nature and it is necessary^ 
differentiate V fetus from those of no pathogenic significance ^ 

for the production of catalase by V fetus is one useful criteno 
identification 


2 The Disease 

Vibnosis in cattle is now thought to be a \cncreal disease Patholo^ 
cal changes occur in the female genital tract, but the bull shows ^ 
clinical signs, c\en though the organism may be on Ins prepuce 
penis and in the semen 

Alxirtion is preceded b\ interference with the placental circula 
and fetal death. There is destruction of the chorionic epithelium, "* 
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edema and cellular infiltrations in the sub epithelial tissues. Degenera- 
tion occurs in the walls of small blood vessels and the fetus shows blood- 
tinged fluids in its serous cavities. The stomach contains a turbid fluid 
from which the vibrios can be obtained in pure culture. In addition, 
the placental tissues contain numerous organisms. Gross lesions of the 
placenta and fetus are very similar to those of brucellosis. 

Abortion in bovine vibriosis is not likely to affect a high percentage 
of animals. Plastridge and Williams (91) found 12% to be the average in 
several affected herds. When abortion does occur, it is most commonly 
seen between the fourth and seventh months of gestation. Retained 
placenta may be associated with abortion in advanced pregnancy (63). 

Many investigators consider infertility in the bovine to be the major 
effect from vibriosis (91). This is based upon observations of decreased 
conception rates in infected herds. First- and second-calf heifers are 
usually involved in such a herd, while older animals have apparently 
developed immunity through previous contact with the organism. 

Interesting experimental evidence for the hypothesis of infertility was 
presented by McEntee et ah (70), who contaminated semen with V, 
fetus at the time of inseminating heifers. Results were evaluated in 
terms of inseminations per pregnancy, diagnosable by palpation. The 
median for 9 control animals was 1, while 19 infected animals required a 
median of 5 services per recognized pregnancy. The majority of infected 
heifers had long cstrous cycles ranging from 27 to 53 days (median 32). 
It has been suggested that V. fetus may be propelled into the oviducts 
with the sperm at the time of estrus. Conception might be prevented 
by the presence of the bacterium or prolonged estrous periods may 
indicate embryonic death and resorption prior to the time of attachment 
to the uterus. 

Venereal transmission docs not seem to be involved in vibriosis 
among sheep (41). It is assumed that the organism is picked up by 
the susceptible host from feed and water contaminated by the discharges 
of aborting animals. The cpizootiology of the condition is still uncertain. 

In vibriosis of sheep, abortion can be a dramatic event. It usually 
occurs about 4-6 weeks prior to the time of normal lambing, with alx>r« 
tions reaching 70% in some instances. Abortion rates of 10 to 20% are 
common (115). A small percentage of ewes may die with lesions of 
necrosis in the maternal cotyledons. In contrast to the bovine, the fetal 
lamb frequently develops marked lesions of focal hepatic necrosis (SS). 

Ewes that have once alwrted from vibriosis do not repeat the event 
on subsequent breedings. Infertility is not considered a factor In vibriosis 
of sheep. 
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3 Diagnosis - 

Wien the herd history suggests vibriosis, the two chief me ?"f ° 
diagnosis are bacteriological recovery of the organism and immuno g 

Fetal stomach fluid is the best source of pure cultures Other 
portant tissues to be examined bacteriologically are amniotic nui , e 
liver, placenta, fluids of the female genital tract, and semen from tn 
male Recovery of the organism is frequently difficult because J e 
grows slowly and many of tbe tissues submitted for examination ar 
grossly contaminated with bacteria that rapidly overgrow the cu ture 
To be significant, agglutination tests should be performed on a rer 
basis In most infectious diseases serum is used as the source of an i 
bodies for measurement of antibody response In the case of vibriosis in 
cattle much has been written to indicate that agglutination tests emp oy 
ing serum are unreliable It is interesting that in bovine vibnosis an 
bodies accumulate locally in the female genital tract, so that tests or 
antibodies in vaginal mucus have become recognized as the more e 
pendable method for determining infection by the presence of antibodies 
Szabo (111) in Norway first described the method, which consists o 
placing a tampon of gauze in the anterior vagina and permitting it to 
absorb the fluids This is removed and the mucus is taken up m saline 
Tests are run on this fluid McEntee et al (70) found agglutinating 
antibodies in the vaginal mucus 60 days after experimental venerea 
infection They persisted for about 7 months 

4 Control 

Infected bulls constitute the chief source of infection in cattle The 
male can transmit the infection, either by natural service or m semen 
used for artificial insemination Successful treatment of bulls by th e 
use of topical antibiotics on the prepuce and penis has been reported 
This is an awkward procedure, in most circumstances it is better to add 
antibiotics to the collected semen McEntee et al (71) reported success 
in presenting \ibnosis by adding 500 units of penicillin, 500 pg 
streptomycin, and 3 mg of sulfanilamide to each milliliter of extended 
semen Similar antibiotic treatment of semen has now become routine 
practice in bull studs 

Aborting animals are given sexual rest for 3 estrous cycles Their 
recovery may be enhanced by intrauterine infusions of antibiotics such 
as streptomycin Cows with prolonged estrous cvcles or histones of 
repeat breeding are given sexual rest for approximately 3 montlis In 
tins period of time the female genital tract wall rid itself of the organism 
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This is In marked contrast to the situation in brucellosis, wherein the 
infected host experiences infection that may persist throughout its 
lifetime. 

To hasten the elimination of infection in a herd, intrauterine infusions 
of antibiotics are sometimes used. At present there is no vaccination 
procedure for vibriosis. 

In controlling ovine vibriosis efforts should be made to isolate abort- 
ing ewes for 2 to 4 weeks. Aborted fetuses and placental tissues should 
be destroyed in an effort to keep the vibrios out of the feed and water 
supply. 

D. Listeriosis 

1. Etiology 

It has been stated, partly in jest and partly from fact, that abortion 
makes the physician think of endocrine imbalance and the veterinarian 
think of infectious disease. Gathering evidence suggests that Listcrifl 
monocytogenes infections offer a common meeting ground for the mem- 
bers of the healing arts when abortion and neonatal deaths are con- 
sidered. 

Listeria monocytogenes is a small rod-shaped bacterium. It stains 
positively by the Gram method and demonstrates a tumbling motility in 
wet mounts. Flagellae occur on the organism, but their numbers de- 
crease as one increases the environmental temperature or the length of 
incubation. Growth on blood agar medium will show the hemolytic? 
activity of the organism. The agent has been erroneously discarded a<? 
a “diphtheroid of no significance” from many specimens. This appclla* 
tion is used in referring to many organisms that resemble Coryncbacteri' 
urn diphthcriac but have no recognized pathogenicity. The mistake is 
made when the laboratory is insufficiently aware of the listeria agent 
and efforts arc not made to separate it from members of the genus 
Coryncbactcrium. Another peculiarity of this organism is responsible 
for giving an incorrect impression of its disease importance: primary 
culturing of infected tissues frequently fails to disclose the organism. 
When the tissues are held in the refrigerator for a period of several 
weeks the organism can then often be recovered. This reculture phe- 
nomenon is related in part to an unusual ability to multiply at 4°C. 

2. The Disease 

More than 26 species of animals and birds have been found infected 
with L. monocytogenes throughout the world. The species of principal 
concern arc man, cattle, and sheep, which all experience similar disease 
syndromes from the agent. Since this organism invades the brain and 
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meninges its effects on the central nervous system have received more 
attention than the genital disease aspects of the infection A great ea 
of work needs to be done before we can critically evaluate this aspec 
of listeriosis Some of the facts regarding our present state of knowle ge 
follow 

In 1936 Burn (19) described 2 cases of fatal listeriosis in newborn 
infants One of the babies was 3 weeks premature Graham et al (49) 
isolated L monocytogenes from an aborted bovine fetus in 1939 The) 
inoculated the organism mto a pregnant heifer and produced a Ltstena 
abortion in that animal 

Sporadic reports of genital infection followed for several years 
was after 1950 that interest quickened in this syndrome following an 
nouncements from Germany of an impressive senes of cases occumng m 
aborted infants and newborn babies By 1955 there were 121 infant 
cases reported in the literature (101) 

Among cattle the recorded cases have affected a small percentage or 
the animals in infected herds Many of the abortions occur between the 
fourth and seventh months of gestation with evidence that the fetus had 
died m utero a variable number of days before being aborted The 
fetuses may present multiple foci of necrosis m the liver and sometimes 
in other organs such as the spleen kidney and lung The organism 
can be obtained from these organs and the stomach contents Pregnant 
ruminants have been experimentally infected b> adding L monocyto 
genes to their dnnking water, showing that ingestion is probabl) an 
important mode of transmission The interesting predilection for sites 
of placental attachment is observed here as in other diseases Pater 
son (89) has described masses of Listena organisms growing in the 
cotyledons As in brucellosis there is damage to the fetus from the 
lesion on the cotyledons Listeriosis has the additional effect of actnel) 
lnvadmg the fetal tissues and causing pathological responses m them 
When infected cahes are earned to term or nearly to term the) ma) 
be bom weak and die m a few days Levi et al (66) recovered the agent 
rom t e ovary of a cow two and one half months following an abor 
ion an ray and McWade (50) isolated it once from the cervix of 
a repeat breeder cow, thus demonstrating that the nongravid genital 
tract is not always free of infection Usually, the uterus of the cow 
trees itself of the organism quite rapidl) following expulsion of the fetus 
l ^ in. CT1Ce P ahtis and abortion are occasionally seen in the same 
animal The more typical observation m an affected herd is a svndrome 
enc ^phahtis or abortion Following abortion the cow usuall) 
recov ers rapidl) from the associated metntis 
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Listeria abortions in sheep may oceur more commonly than incidence 
records would indicate. Eveleth et al. (39) report abortion rates of 
1 to 25% of affected flocks in North Dakota. In England an outbreak 
resulted in 16 abortions in a group of 32 animals (89). Abortion rates 
of 3 to 16% have been observed in epizootics in Australia (30). More 
intensive search will surely reveal that outbreaks such as these are not 
uncommon. 

3. Diagnosis and Control 

Isolation of the organism is the only reliable means of diagnosis. 
Several organs of the fetus, the placenta, and genital excretions should 
be cultured. Bacteriological work has indicated that nearly half of the 
isolations will be missed if the tissues are not recultured after a period 
of storage in the refrigerator. 

Serological methods, including agglutination and complement fixa- 
tion tests, have been used with success experimentally. Their value for 
field diagnosis is limited unless paired serum samples are obtained so 
that shifts in antibody content of the serum can be determined. 

The tetracycline group of antibiotics is indicated for therapy when 
the dam is clinically affected from the abortion, and in the diseased new- 
born. 

Vaccine is available but its value for preventing abortion is still un- 
certain. 

The public health aspects of this disease make it necessary to dis- 
infect everything contaminated during the abortion. There are human 
cases on record that followed the handling of aborting animals. The 
isolation of the organism from cow's milk offers a possible additional 
method of transmitting listeriosis to man. 

E. Epididymitis in Rams 

This is a specific infectious malady in rams regarding which much 
remains to be investigated. It was first reported in Australia bv Gunn 
ct al. (53) in 1942. The causative organism was isolated by Simons 
and Hall (103) in 1953. They reproduced the condition with experi- 
mental animals, using cultures of the isolated organism. Its presence 
was reported in New Zealand by Hartley ct al. (57) in 1934. They 
termed the etiological agent a Ilrucclla-likc organism and obtained 
further data regarding the infection. Abortion in ewes was produced by 
intravenous injection of the organism. Also, in ram lambs typical 
epididymitis lesions resulted from intropcritoneal, fntratesticular, and 
intravenous injections. The following year Hartley ct al. reported (5S) 
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further that ewes are resistant to field infection, that all infectc ra 
cannot be recognized by palpation alone, and that rams once in cc c 
may excrete the organisms for a period of 2 years They terme 
disease ovine brucellosis 

In 1957 Buddie (18) in New Zealand reported on vaccination to 
control epididymitis and termed the causative organism Brucella ocis 
Immunization consisted of Br abortus Strain 19 vaccine and also a 
chemically treated and killed “Br otw" organism in on emulsion pre 
pared from mineral oil and termed an adjuvant vaccine When t e 
adjuvant vaccine was used alone it did not confer adequate protection 
The senousness of the infection in ewes had not been established an 
the author suggested that losses might be controlled by confining th® 
vaccination to rams The importance of keeping ram lambs isolated, 
after weaning from older sheep, was stressed Vaccination as yearlings 
rather than earlier resulted in better protection Older rams showing 
clinical lesions should be culled and the remainder vaccinated anv time 
up to 2 months prior to the breeding season 

McGowan and Shultz (74), m California in 1955 reported the 
presence of this disease for the first time in the United States They 
pointed out that it must be differentiated from swellings m the scrotum 
caused by caseous lymphadenitis due to Corynebactcnum pseudotuber 
ctilosxs, which are more variable in position In a survey, including ap 
proxunately 5000 rams, with accurate records on 18S2, 27 of the latter 
were affected From then field studies the infection did not seem to 
affect fertility as much as the high incidence might suggest 

Kennedy et al (65) have studied the pathology and bacteriology 
of the disease An organism identical to that reported by the Australian 
and New Zealand workers was recovered from 11 cases and produced 
epididymitis m rams and rats 


Meyer and Cameron (82) have made a critical study of the causative 
organism The Brucclh organism has been isolated from sheep, pa f 
ticularly in Europe, in most cases it proved to be Br mehtensis These 
authors only found a single instance of its isolation from sheep reported 
m the United States and this proved to be Br abortus They concluded 
toat the organisms isolated in Australia, New Zealand, and California 
from rams with epididymitis are identical, but they should not be placed 
m the genus Brucelh They suggested that consideration be given to 
classifying it in the genus Neissena 
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III Virus Infections 
A Equine Virus Abortion 

Among domestic animals the existence of abortion caused by a filter- 
able virus was a long tune becoming established Research on virus 
abortion in mares has had an interesting history In the early years of 
the United States Bureau of Animal Industry, an organism obtained from 
an aborted mare could not be differentiated by Theobald Smith (104) 
from the so called hog cholera bacillus At that time, the latter organism 
was thought to be the cause of hog cholera The hog cholera-like 
organism was later isolated from cases of equine abortion and extensive- 
ly studied by Good (47), and Good and Smith (48) in Kentucky, and 
by Meyer and Boemer (80) in Pennsylvania 

This organism was found in aborting mares in a number of states 
and in foreign countries over most of the world, and became classified as 
Salmonella abortwoequma A bacterm was developed as an immunizing 
agent, with what appeared to be successful results for some years It 
was not accepted by all workers, particularly in Europe Of late years, 
since the virus abortion m mares has been established, the Salmonella 
organism has declined in importance It is now quite generally accepted 
that it is a secondary invader This was the fate of S choleraesuis follow- 
ing the discovery of the specific hog cholera virus as the primary factor 
in the production of hog cholera The apparent success of the bacterial 
vaccine was due to the strong active immunity developed by the virus 
infection m mares following one abortion 

The virus was first demonstrated by Dimoch and Edwards (29) 
This work has been confirmed in many states, in Canada, and m Euio- 
pean countnes 

1 Evidence of Two Syndromes by One Virus 

A number of \ iruses have been isolated as specific causes of a variety 
of the most serious epidemic diseases in animals and man In all cases 
they have produced a single syndrome in the host animal of one or more 
species Manmnger (68) in Austria showed that equine abortion virus 
also had an etiological relationship to equine influenza On intranasal 
inoculation of marcs with material from aborted equine fetuses contain- 
ing the virus there resulted febrile reaction, nasal catarrh, cough, and 
conjunctivitis In subjects which had recovered from a natural attack 
of influenza, no such reaction occurred 

This work was confirmed bj Doll el al 1954 (33) They used two 
strains of known equine influenza virus Suckling hamsters, inoculated 
intrapcntoncally with these two strains, dc\ eloped lesions and intra- 
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nuclear liver cell inclusion bodies This was identical with ‘ 
produced m suckling hamsters from similar injections with two 
strains of equine abortion virus Also, with antiserums, reciproCi 
plement fixation occurred with equine abortion and equine in u 
viruses Further confirmation on this work is needed 1 ® 

definitely established it will be the first finding of quite different ma 
festations being produced in the same host species with an identica yi 
Extensive research has been done on this subject by the u 
Expenment Station Animal Pathology group and the Armed f or 
Institute of Pathology, Washington, D C They have demonstra e 
second virus isolated from an equine aborted fetus which is inv0 . V , 
with abortion in mares The name of viral arteritis was suggeste / 
them for the disease because of specific lesions in small arteries o 
fatally affected horses (15, 31, 32, 61) 


2 Symptoms 

The incubation period of the virus infection is 21-35 days ^ 
infection gains access to a stud it may result in a high percentage 
pregnant mares aborting In some cases, abortion is the only symptom 
manifested and the uterus undergoes involution rapidly In other cases, 
the mare shows nervous symptoms with lameness, incoordination, an 
paralysis of the hind quarters Such cases end fatally unless ludm^ 
abortion is performed as soon as the general symptoms appear Tm 
usually results in rapid improvement and recovery . 

The fetus shows lesions the most characteristic of which are foca 
necrotic areas in the liver No premonitory abortion symptoms may be 
shown by the pregnant mare and there usually are no aftereffects 0° 
the other hand, marked prostration and death may result Abortion 
occurs from the sixth month of pregnancy on to term Foals that are 
bom alive at or near term usually succumb Inclusion bodies in the foal 
cell nuclei of the internal organs, particularly the liver, are diagnostic 
This is further confirmed by injecting virus containing material mto 
pregnant guinea pigs, which results m abortion (12) 


3 Control 

Since the disease spreads rapidly, moving mares from infected studs 
should not be permitted Early isolation on the premises may be of value 
A vaccine of formalized liver tissue suspension from infected fetuses, 
administered intradermally to exposed mares at about 6 months of 
gestation, has shown good results (13) At the beginning of an outbreak, 
\accination of remaining pregnant mares results in further abortions 
ceasing in 30 to 60 days One attack results in a high degree of H® 
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munity which runs out after one to several years, depending on the 
degree of subsequent exposure and individual variation. 

B. Enzootic Abortion of Ewes 

A newly recognized virus has been shown to produce abortions in 
sheep. Stamp et ah (107) of Scotland described this condition in 1950 
and it has also been found in Australia and New Zealand (73). 

1. The Disease 

Infected flocks vary in the percentages of abortions, depending upon 
the history of the animal group. Newly infected flocks may have abor- 
tions up to 25 or 30 Jo for 2 or 3 years, with ewes of all ages aborting 
or lambing prematurely. Thereafter the abortion rate may be around 
5% and limited to first- and second-lamb ewes. Most abortions take 
place 2 to 3 weeks prior to completion of gestation. In multiple preg- 
nancies, one lamb may be dead while its twin may be born alive. There 
is usually evidence of in utero death of the fetus prior to its expulsion. 
The effect on the ewe depends upon the time elapsing between death 
of the fetus and the abortion. In most instances the ewe is little affected 
and breeds normally after the infection. A dead lamb retained for some 
days or even weeks can result in marked loss of condition or death of 
the ewe. 

2. Diagnosis 

Since the virus is of the large, elementary body type, it may be seen 
in the infected placental tissues by employing the proper stains. Masses 
of these virus particles are present in the chorionic epithelium of the 
villi, resulting in necrosis and other changes at the site of maternal 
attachment. 

The complement fixation test and neutralization tests are further labo- 
ratory aids in studying the organism. 

3. Control 

Even though the nature of the infecting agent might suggest vector 
transmission, this has not been found to be the case. Epizootiology is 
not as yet understood. 

An experimental vaccine has been prepared in Scotland (72) from 
fetal placental tissues and appears to have value for field use. 

C. Coital Exanthema 

This virus disease was first described in Germany and has been 
encountered occasionally in the United States (45). Both horses and 
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cattle may be affected with the development of lesions on the 
of both sexes. A purulent vaginitis develops tn the fern. ^ 

vesicles forming on the vulva and vagina. These chang > 
pustules and then ulcerate. Healing proceeds without treatment. 

The prepuce and penis of the male are affected in a similar 


D. Canine Venereal Cramilomala 
This disease of dogs is presumably caused by a virus and j c 

the development of soft tumorous growths on the vaginal wall 
of the penis (46). The affected male may refuse to serve a lem 
heat. Bleeding from the tumorous lesions is common as they me 
size. Complete surgical removal is followed by spontaneous hca ing 
is the only effective means of control. 


E. Catarrhal Vaginitis 

This disease of established viral origin has been reported in ca ^J® 
from several parts of the world, notably South Africa, Eng anc , 

New Zealand. It has recently been encountered in California. 

McIntosh et al. (75) first recovered a virus from the cases m 01 
Africa, as has Millar (83) in England and McClure (69) in New Zea a ^ 
The following account of the infection was reported by Kendrick c 
(64) in California in 1956: 

The affected animals showed yellow mucoid vaginal discharge "* 
no extension beyond the vagina. One bull had seminal vesiculitis an ^ 
some pus cells in the semen. The abnormality lasted for a few da) 
to several weeks; some females became pregnant during the a “ ec , . 
period. The isolated virus in California was slightly different from tra 
reported in South Africa in that it readily adapted to chicken ern l?.° 
with high mortality and did not as readily adapt to suckling mice, t 
is the first time this condition has been reported in the United States. 

In South Africa there exists another condition, probably of vira 
origin, termed infectious infertility, reported by Van Rensburg (Hy> 
and locally termed “epivag.” This infection results in epididymitis in the 
bull and inflammatory processes beyond the vagina, including salping 1 * 15 
with adhesions of the fimbria. 


F. Viruses Interrupting Fetal Development (Blue Tongue, 

Hog Cholera, and Rubella) 

Blue tongue is a viral disease of sheep. Cattle are not clinically 
affected but may be carriers of the virus. It was first re ported by Theffe r 
in South Africa (112) and later found in other parts of the African con- 
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tinent and also in Israel and the island of Cyprus. In the Western 
Hemisphere it was first recognized by McKercher et ah (76, 77) when a 
virulent outbreak occurred in California. It had existed, unrecognized, 
in a mild form in Texas for a number of years. It was described by 
Hardy and Price (54) under the name of “sore muzzle” when they were 
unable to demonstrate its infectious nature. 

The method of entrance into this country has not been established. 
Cattle may be carriers of the virus without manifesting symptoms. A 
vector is necessary for its transmission under natural conditions; DuToit 
(34) presented evidence that this occurred through several species of 
Culicoides. Afrikaner cattle had been imported to Texas some years 
before “sore muzzle” in sheep was reported. 

Only one strain of the virus has been demonstrated to exist in this 
country. In South Africa, the isolation of several strains has made nec- 
essary the production of a heterologous vaccine. Alexander et ah (1) 
demonstrated that a successful vaccine could be obtained against this 
infection by serial passage of the virus through embryonated eggs; the 
vaccine has been used there for many years. 

1. Abnormal Development of Young in the Uterus 

The disease is discussed in this limited space because it was as- 
certained in the California outbreak that it constitutes the third viral 
disease known to affect the development of young in utcro. For this to 
occur, the viral infection must be present in the pregnant female at 
certain stages of gestation, or a modified live virus must be used in 
immunization at that time. . 

These interesting findings occurred first in rubella (German measles) 
in man, then in cholera in swine, and lastly in blue tongue in sheep. 

The association of abnormalities of the newborn with infections sus- 
tained by the pregnant female at certain stages of gestation had been 
discussed for many years. Tangible evidence of its importance was 
brought to the attention of the world in 1941 by the report of Gregg 
in Australia (51) on congenital cataract in infants, following German 
measles in the pregnant mother. The unusually severe rubella outbreak 
occurred mainly in July and August, 1940; from it, 78 cases of cataract 
in the newborn, usually bilateral, resulted from mothers having con- 
tracted the disease during the first 3 months of gestation. In addition, a 
high percentage of the cataract infants had congenital heart defects. 

Further reports were made by Swan and Tostcvin In 1946 (110) 
and Swan in 1949 (109) on additional cases, comprising a syndrome of 
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cataract, deaf mutism, heart disease, and microcephaly in infants from 
rubella infection in mothers during pregnancy , 

The congenital swme syndrome was termed edema of newborn p*_ 

It has resulted from the use of modified lire hog cholera d 

immunization of pregnant females in early pregnancy »« 1 
by Pinherton (90) and also Young (119) in field cases Th ^ 
was then produced experimentally by Sautter et a! ( ) .fi 

mercially modified virus products injected on the fourteenth to 
day of gestation , „ T -insg 

In the case of blue tongue, reported by Shultz and DeLay 
(102), modified virus used in vaccination was also the etiological aj. 

The modified virus was produced by repeated passage throug 
bryonated eggs It was first released for field use in this coun ry 
July 12, 1954, and widely used immediately Evv es pregnant 4 to " L 
at the time of vaccination gave birth in some cases to abnorma atn 
The data gave evidence that the intrauterine developing ^ e ^ eS ." 
most susceptible at the fifth and sixth weeks of gestation The ain 
were earned to term some were stillborn with ascites Others, term^ 
"dummies,” ignored their dams and made no effort to nurse The m 
marked changes were in the cerebrum and cerebellum, with extTei 
hypoplasia of normal tissue and the cranial cavity filled with clear t ui 
Losses, averaging 5%, ran as high as 50% of the lamb crop The aut or 
report that the abnormality had not been encountered in South Atnc 
It is eliminated by vaccinating ewes before the breeding season 

IV Protozoan Infections 
A Dounfie 

Dounne is a venereal trypanosomiasis affecting horses and asses 
the days when the horse reached its zenith in service to mankind, t n 
disease was widely distributed over the world on the continents of Eu 
rope, Asia, and Africa It appeared in the United States m the latter 
part of the last century, when large numbers of draft horses were 
being imported for breeding purposes from Europe 

It may have come into this country in more than one importation 
The first appearance was found by Williams (117) in Illinois in l88n 
This was about the time the United States Bureau of Animal Industr) 
was being organized with the primary purpose of stamping out conta 
gious pleuropneumonia in cattle Control measures did not get under 
way by the Illinois State Board of Livestock Commissioners until 1887, 
after infected horses had been moved westward Later, the disease np~ 
peared m states further west and in Canada Thus, in 1892-1893, an 
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outbreak was reported by Flaville (42, 43) of the United States Bureau 
of Animal Industry in Nebraska From this time on repeated outbreaks 
occurred, particularly in the western range country as far west as New 
Mexico and Arizona The infection seemed to be kept alive in horses 
on isolated Indian reservations As late as 1941 an outbreak occurred 
in southern California These all may have stemmed from the original 
outbreak m Illinois reported by Williams (117) On the other hand, 
an outbreak occurring in Iowa in 1911 was investigated by Melvin et al 
(79) and diagnosed as dounne All the cases in tins area led back to 
a Percheron stallion imported from France in 1909 and brought directly 
to Lenox, Iowa 

1 Etiology 

The causative agent is a protozoan, the Trypanosoma equtperdum, 
discovered by Rouget m 1896 It is transmitted usually by sexual con- 
tact That the parasite may be transmitted by blood sucking flies has also 
been established, but this is rare in natural outbreaks Lack of fly trans- 
mission is explained by the small number of trypanosomes found m the 
blood and tissues of infected animals, which makes it very hard to 
demonstrate In 1903, the Bureau of Animal Industry imported this 
trypanosome from France in an experimental dog and considerable work 
was done with it in Washington It was not until 1911, from the Iowa 
outbreak described above, that the organism was found m this country 
from a naturally occurring clinical case Three of the affected mares 
from Iowa were sent to Washington for study From one of these mares 
the trypanosome was found by Mohler (85) in blood-tinged serum ob 
tamed from a recently developed plaque on the abdomen This Anally 
confirmed the identity of the disease in the United States with that 
of the Old World The trypanosome had been demonstrated in a Cana 
dian outbreak by Watson in 1907 ( 85) from the vulva of an affected 
mare 

2 Symptoms 

The disease is not uniform in its manifestations Although acute 
symptoms develop m many cases, the disease may become chronic in 
nature and cases may last for several years, with occasional apparent 
recoveries In the Nebraska outbreak, reported by rjavillc in 1892 (42), 
26 of the 39 quarantined marcs bred to a known infected stallion were 
dead inside of one >car Following infection by coitus, after a period 
of 1 to 2 weeks, there develops swelling and edema of the genitals, 
particular!) noticeable in the stallion, and the penis protrudes from 
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the sheath The swollen parts arc not sensitive or warm to . fl ' 
and there rs an inconstant, mild, general fever In the female ”, a 
is swollen, the lips stand apart, exposing the edematous clitoris, • 
mucoid discharge is present , ficia l 

After some weeks, depigmented areas, which are healed, si p 
ulcers, appear about the skin of the genitals in both sexes so s 
what characteristic urticanal-hhe swellings, termed plaques, a PP e ** ^ 
the slan about the abdomen, croup, back, or shoulder These vary 
size from an inch to several inches in diameter They come up a 
disappear within hours and their contents of blood tinged serum 
favorable areas in which to find the trypanosomes They do not pro uc^ 
irritation, thus differing from ordinary urticaria, and are also foun > 
other trypanosome infections The symptoms are aggra\atcd in 
stallion by copulation, which in some cases is impossible because com 
plete erection fails to occur 

Finally, paralytic symptoms appear, including paralysis of the p enl 
and posterior extremities, along with emaciation and fatal termination 


3 Control 

Dounne may be recognized by the symptoms and history without 
demonstrating the presence of the trypanosome The nature of tn 
disease is such that no effort for a specific treatment has been made, 
and none is available All affected horses do not die from the infection, 
chronic cases are frequent, and little is known regarding possible 
carriers Eradication has been the objective of livestock sanitary au- 
thorities, all infected and exposed animals have been slaughtered The 
development of the complement fixation test for this disease by Mohler 
et al (86) as an additional diagnostic procedure greatly helped m the 
program Infection m the range areas and Indian reservations offere 
many complications This is the explanation for the reappearance of 
the disease after eradication was thought to be complete over the years 
from 1885 to 1941 Greatly reduced horse population and the persistent 
efforts of state and federal sanitary authorities are now thought to have 
been successful in eradicating the disease completely m both Canada 
and the United States 

B Trichomoniasis 

Trichomoniasis is a protozoan infection of the genital tract It lS 
transmitted by the bull and in the female causes death of the fetus, 
abortion, pyometra, and sterility 

It was first fully described b> Riedmuller (93, 94) of Switzerland m 
1928 and 1929, he named the organism Trichomonas boots Mazzanti 
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was credited with the original discovery of the infection in European 
cattle in 1900. It was first found in this country by Emmerson in Penn- 
sylvania (37), soon followed by McNutt et al. in Iowa (78), and Came- 
ron et al. in New York (23). It quickly became evident that the disease 
was quite widespread in this country and constituted an important cause 
of reproductive failure. In 1936 the United States Bureau of Animal 
Industry established an experimental herd at Beltsville Research Center 
for the study of this disease. 

1. Etiology 

There are a number of species of protozoa in the Trichomonas genus. 
They are found in the gastrointestinal tract of animals and also in the 
genital tract of humans. Because it is not the only species found in cattle, 
but produces its specific effect in the pregnant uterus, the name of 
Trichomonas foetus for this organism has been generally accepted. It is 
a flagellate, 10-25 \i in length, with 3 anterior flagellae. It assumes 
various shapes— from round, to oval, to fusiform. There is an undulat- 
ing membrane the length of the body which is kept in constant motion. 
The posterior flagellum extends backward along the free margin of the 
membrane and continues as a free flagellum. There is a nucleus an- 
teriorly and an axostyle running the length of the cell. 

Suspected material is examined in fresh, unstained preparations. It 
is sometimes hard to demonstrate the organism. Under favorable con- 
ditions it is readily seen under the microscope in great numbers in 
active motility. The infection is readily transmitted by artificial insemi- 
nation, but semen from infected bulls is not a favorable material in 
which to demonstrate its presence. It gains access to a herd usually 
through outside purchases. The infection remains for long periods of 
time in the prepuce of bulls, which have become infected from breeding 
infected cows. Mahoney et al. (67) report one bull becoming infected 
from contamination of the penis against the buttock of a second bull 
which had been mounted a few minutes earlier by an infected bull. 
Infected bulls readily transmit the organism to females in the breeding 
process. 

2. The Disease 

The infected bull (or bulls) breeds the cows, and the disease 
may become widespread in a herd or in an artificial insemination ring 
before its presence is suspected. Pregnancy is established, but the 
presence of the tricliomonads results in the death of the fetus— usually 
in the first trimester of pregnancy. It is accompanied by decomposition 
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of the fetus and the accumulation of pus and fluid in the uter ' is ’ “ 
quantities of quarts to several gallons There may be >d«mc inertia, 
resulting m a cervix dilating too slowly to expel the maccrat 
and fluid Thus, the infection ma) continue to spread for montns 
the uterus expels its contents the early cmbr>o or macerate 
fetus may not be noticed The uterine discharges and the return 
heat of cows thought to be pregnant attract the owners attention 
The diagnosis is made on the basis of the breeding history o 
herd and the presence of the vaginal discharge of mucopurulent ma en > 
which is somewhat characteristic The discharge may be found on 
floor of the vagina, or exuding from the uterus when a vaginal specu u 
is inserted Smears made from the particles of pus in the disco ore 
mucus mil usually demonstrate the organism when placed under ^ 
microscope It also may be found on the prepuce of bulls, but spec 
procedures are necessary m obtaining the material 


3 Control 

As soon as the presence of the disease in a herd is recognized, sexual 
rest should be instituted, for the organisms do not remain permanen ) 
in the genital tract of the female When the uterus has emptied itse > 
heat periods become established, involution tabes place, and the genita 
tract rids itself of the infection This is aided by manual expulsion of a 
retained corpus luteum, estrogen or gonad stimulating hormone adminis- 
tration, intrauterine treatment with antibiotics or other mild disinfectant 
solutions and massage per rectum In general, it is necessary to stop 
all breeding for a period of 4 to 6 months, no female should be bred 
for a period of 4 to 8 weeks after all discharge has ceased, the genital 
tract found to be normal, and regular heat periods established 

The situation is quite different in bulls, in which the infection is 
relatively permanent Under ordinary conditions all infected bulls are 
sacrificed for slaughter Determination of the presence of the tricho 
monads in the genitals is sometimes a problem Mahoney ct al (6?) 
outline two methods of collecting samples for microscopic examination 
First, a gauze swab on an 18 inch wire handle is saturated with 0 
saline solution, inserted into the prepuce, and massaged against the penis 
The second method is to use a plastic inseminating pipette attached to 
a glass synnge The pipette is passed into the prepuce until the end 
reaches the glans penis, as determined by external palpation Suction is 
then applied by the syringe and, with manipulation, upwards of 1 
of the mucus is obtained This procedure usually requires veterinary 
service Negative results are not proof of freedom from infection These 
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authors state that the most infallible proof of the animal’s freedom from 
infection is to have him breed several virgin heifers by natural service 
Vaginal samples from these heifers are then taken from the twelfth to 
the twentieth day following the breeding This was pointed out by Bart- 
lett (8) in work at Beltsville, where 24 females infected by coitus re- 
quired only 28 exposures 

Success in ridding bulls of the infection has been reported by Bart- 
lett (7, 9) The procedures are complicated, time consuming, and 
costly Their application is limited to valuable sires and must be carried 
out by experienced persons 

C Toxoplasmosis 

1 Ctiologij 

The cause of toxoplasmosis in man and animals is a protozoan called 
Toxoplasma gondii It was described in 1909 but received only scant 
attention until it was recognized as the cause of several diseases of man 
in 1939 (96) 

The parasite is a small, elongated organism (4-7 p), tapered at 
both ends and frequently seen m compact masses or cystlike structures 
Toxoplasmata multiply in macrophages, cells of various viscera, and in 
the nervous system 

2 The Disease 

In man, toxoplasmata are known to cause certain types of congenital 
encephalomyelitis, an eye disease called chorioretinitis, and a form of 
pneumonitis 

Among domestic animals, the agent has been responsible for disease 
m cattle, sheep, swine, and dogs (25) There are many symptoms of 
acute toxoplasmosis, such as fever, dyspnea, and central nervous dis 
turbances The important aspects relative to this discussion are the 
premature births, abortions, and stillbirths that have been observed in 
all of the species mentioned There is evidence of intrauterine transmis 
sion of the organism resulting in high mortahty in the newborn during 
the first few weeks of life 

Serological evidence indicates that infection by Toxoplasma is very 
prevalent among many species of mammals In most instances they are 
rmppnrent infections, consequently, the appearance of disease is not 
always encountered As the techniques of diagnosis become more 
generall) applicable we will undoubtedly find much more clinical toxo- 
plasmosis than is suspected at present 
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is proliferating endoccrvical glands or as eversion of^ columnar 
cervical epithelium caused b> estrogenic stimulation (3o) 


C Afclrtfis rtjomctTa, and Retained Placenta 
Inflammation of the endometrium is associated with specific in* 
tions parturition difficulties and retained placenta The 00 > c j er 
placenta of the cow with the maternal sulci and fetal tufts or u 1 
retention of the placental membranes common in this species ^ 

Br abortus infection is associated with retained placenta ^ 

gamsm attacks the fetal chorionic epithelium in the cotyledons an _ 
up an inflammatory process On the other hand retention of the p 
may occur independent of any specific infectious agent In range 
under poor nutritive conditions calves may be bom at term and no 
with a high percentage of retained placentas in the dams The a cc 
animals will finally discharge the membranes the uterus will un e b 
involution and new cases will cease to develop as the season ad 
and better feed conditions including green feed prevail ^ 

In trichomoniasis infection the disintegration of the fetus resu ^ 
the uterus becoming greatly distended with fluid and pus this co^ 
dition is termed pyometra It maj also develop m cases of mumnn ^ 
fetus in which the fetus is retained after death for months or °' cr 
year In such cases the uterus needs to be emptied of its conten 
Usually when the uterine seal is broken or the fetus dies the uterin 
contractions that follow will expel the contents In cases of mummi 
fetus even with the seal broken and the cervix dilated sufficiently to 
two or three fingers to be passed through and the fetus palpated ex- 
pulsion may be delayed for days or even weeks due to uterine inert ^ 
In cases of retained placenta as long as the membranes protm ^ 
through the cervix closure is retarded For this reason manual remov^ 
should be delayed for 24 hours or longer when the fetal cotyledon 
cannot be readily peeled from their maternal attachments and tearing 


the 


away becomes necessary This leaves decaying tissue in the uterus tn 
cervix closes and metritis is more liable to result Insertion of capsules 
containing disinfectant powders or antibiotics will retard putrefaction 
of the intrauterine membranes and slow down bacterial action until the 


cotyledonary attachments separate more readily A mild evacuatory 
treatment in these cases consists in the insertion of a pint (or less) ot 


castor oil from a syringe attached to a rubber hose Irrigation of the 
uterus with large quantities of disinfectant solution is not to be recoin 
mended in ordinary cases 

In all of these conditions stimulation of uterine contractions by eX 
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pressing the corpus luteum is indicated. This is followed by the develop- 
ment of a new follicle and estrogen production. Administration of 
gonadotropins or estrogens will have the same effect, and will aid the 
uterus to empty its contents and hasten involution. 

D. Salpingitis, Hydrosalpinx, Pyosalpinx, and Ovaritis 
One or both Fallopian tubes may be temporarily closed by their own 
secretions and it has been thought that this may render them not patent 
for the passage of sperm. 

Occasionally, in unbred heifers, hydrosalpinx may exist, usually in 
one tube and generally found only at post mortem. This condition is 
recognized by a swelling along the tube, the size of a pea or larger, and 
containing clear mucus. It is not considered to be of bacterial origin. 

Inflammation of the oviducts is of bacterial origin, usually pyogenic 
organisms from extension of metritis. This is in contradistinction to 
human cases, in whom the gonococcus is the specific causative agent, 
usually resulting in abscess formation. 

The inflammation may extend throughout the length of the tube, 
causing it to become somewhat thickened. It also may involve the 
fimbriated end and result in adhesions, with permanent sterility on 
one or both sides. 

The process may go on to pus formation, resulting in a circumscribed 
enlargement of the tube to the size of a small marble (or larger) filled 
with pus. This is termed pyosalpinx and usually results in permanent 
sterility on the affected side. Careful palpation of the tubes through 
the rectum will sometimes demonstrate the presence of these abnormali- 
ties. They are readily manifested at post mortem. 

Ovaritis is rare in domestic animals. Severe salpingitis involving the 
fimbria may result in adhesions with formation of a large abscess sur- 
rounding the ovary so that it cannot be palpated per rectum. Tubercu- 
losis of the female genital tract may result in extreme pathological altera- 
tions involving the ovary. 

E. Sporadic Causes of Genital Infections 
Space permits little more than mention of several organisms that are 
occasionally associated with abortions. Some organisms which may be 
derived from the intestinal tract may be involved, such as Escherichia 
coli, streptococci and micrococci in several species of animals, and 
Actinobacillus cquuli ( Shigella cquuli) in solipeds. Salmonella abortus- 
ovis affecting sheep in Europe and Salmonella aborlieoequina in horses 
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3 Diagnosis and Control 

Accurate diagnosis requires that the organism be isolated from 
infected tissues and have typical morphology and pathogenicity ^ 
laboratory animals In addition immunological tests are emplo)C ^ 
eluding complement fixation, and an unusual test called the y ^ 
cytoplasm modifying test At present these tests can only be per orm 
in the laboratories of specialists working on the problem 

In acute and subacute infections sulfonamide mixtures have 
shown to suppress the organism and effect a clinical cure, but t e 
mal persists as a carrier since the organisms are not completely elimm 
from the tissues 


V Pathological Responses of the Genital Organs to 
Nonspecific Infections 

Once pathological changes have been established by the well known 
specific infectious agents, such as Brucella, secondary organisms nor 
mally present may be involved in sequelae more or less serious in nature^ 
They may also develop in breeding animals from complications arising 
from parturition and dystocia of fetal or maternal origin 


A Granular Vaginitis 

Granular vaginitis is a widespread condition in dairy cattle of minor 
importance Today there are recognized over the world one or more 
definite infectious maladies with which granular vaginitis may have 
been confused One of these, catarrhal vaginitis of viral origin, h® 5 
been recently demonstrated to exist in this country Such a condi 
tion might have been superimposed on the mild granular vaginitis an 
might explain the complications which have been reported. Granu ar 
vaginitis itself may not constitute a disease entity 

Its lugh incidence in herds, with mild involvement of the genitals of 
bulls, has led to the belief that it is infectious and transmitted through 
breeding No specific organism has been incriminated as an etiologica 1 
agent, although several have been studied (28) Trautman (114). 
a study of this condition m the Kentucky Artificial Breeding Associa 
tion over a 9 month period, had 7 technicians observe the vaginal mucosa 
of 4 616 cows at insemination Forty mne% showed no granular nodules 
and had a nonreturn rate to estnis 60 or more days after the insemma 
tion of 689% The remaining 51% were divided into mild granular 
vaginitis cases, 44% with a nonreturn of 65 7%, and severe cases with 
a nonreturn rate of 581% This good pregnancj record, even m the 
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presence of severe granular nodulation, indicated the condition to be 
of little importance. 

Granular vaginitis is manifested in severe cases by catarrhal inflam- 
mation of the vaginal mucosa; the exudate causes the labia to adhere to 
each other. The discharge may be in sufficient quantity to soil the tail. 
By drawing the labia apart, the small, characteristic, grayish nodules, 
sin-rounded by a congested area on the mucous membrane of the vulva, 
are readily observed. Some vaginal tenderness may be present, as well 
as delayed conception in open animals. Some investigators have claimed 
that the nodules may rarely extend into the uterus. The early, rather 
acute symptoms gradually subside in a few weeks and merge into a 
chronic condition which may persist indefinitely. 

Some years back, when it assumed greater importance in the litera- 
ture in this country, a variety of treatments were recommended. Today, 
with more general recognition of its mild, noninfectious nature, little 
treatment is necessary. Vaginal douching with previously boiled water, 
containing a teaspoonful each of baking soda and salt to the gallon, 
several times weekly and just prior to breeding, may be used. Many 
cases are never treated. 

B. Cervicitis 

The cervical canal is lined with columnar epithelium continuous with 
that of the endometrium. The cervical glands extend down from the 
surface and secrete the dense mucus comprising the cervical plug, which 
seals the uterus during pregnancy. At the vaginal orifice, the surface 
is covered with stratified epithelium continuous with the mucosa of the 
vagina. In cattle the lumen of the canal is obstructed by several annular 
rings or folds of the mucous membrane and is 3 to 4 inches in length. 
Tins is quite different from the mare, in which animal the cervical canal 
is short, straight, and easily penetrated. In the cow the annular rings 
and bulging of the vaginal orifice after one or more parturitions give 
the cervix a rosette appearance. With manipulation or even exposure to 
air (with the vaginal speculum in place) the cervix quickly becomes 
congested. This finding has caused cervicitis to be looked upon as 
common and more important than is probably the case. Lacerations 
from parturition enhance this tendency. Definite pathological alterations, 
aside from lacerations, are seldom found. 

In general, when metritis, pyometra, or other uterine abnormalities 
arc resolved, the cervix rarely needs special treatment. When thought 
necessary, Lugols solution of iodine may be applied on a cotton swab 
to the vaginal orifice. 

The so-called cervical erosions in human pregnancy may be explained 



300 CEOHCE II HAItT AND JOHN W OSEBOLD 

are tvo more organisms of the enteric group with an effect on reprotf 

“''ot’r^—d bacteria have been 

Cortjnebactenum cqut, and Conjncbactcrtum pyogcnc ocesse s m 

ganism is responsible for a wide variety of suppurate 
various tissues of cattle, sheep, and swine In the reprodu ^ 

these include purulent metritis In dairy calves raised artificial!) ^ 
suchhng each other, abscess formation in the immature udd ' j 
caused by this organism In bands of rams too closely c on 1 ^ 

with too much conditioning, they tend to ride each other in jnt0 

the ptjogencs organism may develop along the urethra and o ^ 
the epididimides and testicles It must be differentiated from 
ly recognized epididymitis in rams in 

Some fungi, such as Aspergillus jumigatus and Abstdia ramos , 
vade the placental tissues and also produce lesions in the fetus 
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I Introduction 

The reproductive physiology of domestic birds deserves attention 
for several reasons These birds are important economically and the 
chicken, especially, is an excellent experimental animal It is easy to 
handle, it is resistant to infections after surgery, and its extenor charac- 
teristics give an indication of the endocrine status particularly with 
reference to gonadal hormones 

Some particular aspects of the field of avian reproduction have been 
reviewed extensively and expertly (62, 129, 146, 179, 201), a reference 
to such reviews will provide the reader with an opportunity to obtain 
on insight in the present thinking 

The author Ins chosen, therefore, to review and evaluate aspects of 
avian reproductive ph)siolog> not covered m these reviews and to 
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describe developments which have occurred after the above mentioned 

reviews were written means 

In the present chapter the development of the reproductiv g 
from the en,h 0 onrl stage will be followed through sexual mahmQ 
Within this scheme the various factors influencing this dev F 
and the contributions made bj the female to the process o repro 
will be discussed 

II Tiie Female Gonads 
A Embryonal Development 

In chickens, as in all animals in which the female is the heterogamebe 
sex, the sex of the individual is determined at the time of ovm a 
For the present discussion it wall be accepted that sex is gene ca ^ 
determined, cases of true hermaphroditism or cases in which genotyp 
and phenotypic sex do not agree will not be considered 

Following penetration of the egg by the sperm and the subseque 
fusion of male and female pronuclei the zygote starts to develop 
will be seen in Section II, F, development of unfertilized ova can a 
occur ^ 

During development of the z>gote, certain specific cells are for 111 
in the extraembryomc splanchnopleure These primordial germ cells nn 
grate to the genital ndge (31, 222) The causes for this migration are 
not well understood, but the evidence strongly suggests that migrtrtio 
takes place via the blood vessels A pronounced asymmetry exists 
respect to the number of these cells migrating to the left and ngn 
genital ndge, the left being strongly favored This asymmetrical mig£ a 
tion causes a larger development of the left gonad, at hatching tune tin 
asymmetrical arrangement is visible macroscopically 

Although the gonad develops, differentiation into a testis or ovary 
does not occur until the sixth day of incubation Dunng the indifferen 
stage it consists of (a) a germinal epithelium or cortex which arises 
from the celomic epithelium, and (b) a medulla which, according 10 
Wits chi (225), onginates from the mesonephric blastema , 

At the time of sex differentiation, which normally starts at the seven 
day of incubation, the medulla of the genetic male gonad starts to 
develop and eventually seminiferous tubules are formed while the 
cortex gradually regresses In the genetic female the cortex proliferates 
and, provided primordial germ cells are present (225), follicles develop 
from the cortex. Dunng the initial stages of sex differentiation, the 
medulla in the genetic female also proliferates, even more than the 
cortex. The weight increase of the gonad at this stage is due more to 
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medullary than to cortical growth (222). During later development the 
cortical growth overshadows that of the medulla. 

The difference between development of male and female gonad has 
aroused the curiosity of experimental embryologists, and different ex- 
perimental approaches have been used to elucidate the mechanisms 
involved in sex differentiation. These methods are: (a) in vitro culture 
of undifferentiated and differentiated gonads in media to which hormones 
have been added; (b) grafting experiments in which gonads of one 
sex are grafted on gonads of the opposite sex; (c) injection of sex 
hormones. 

Generally, estrogen injections in embryos have a feminizing effect 
on the left gonad of the genetic male, but the right gonad remains 
testicular. One exception has been reported by Wolff and Wolff (226). 
The injection of the water-soluble estrogen, n-bisdehydrodoisynolic acid, 
into the egg resulted in modification of the male right gonad into an 
ovarian structure with a degenerated medulla. 

Male sex hormones, generally, repress cortical development and 
cause medullary hypertrophy, and thus have a masculinizing effect (31). 
The left male gonad can be modified with most estrogens, while the 
right one can not. This is correlated with the greater sensitivity of the 
left gonad and the lack of cortical tissue in the right gonad (222). The 
latter is probably due to the smaller number of primordial germ cells 
which migrated to the right genital ridge as compared to the number 
which migrated to the left. 

“Paradoxical” responses have been observed, such as, feminization 
with male sex hormone, and masculinization of the gonad with female 
sex hormone (31, 55), Dosage is probably one of the factors determining 
whether the effect will be feminizing or masculinizing. 

In a recent report, Seltzer (189) claimed that the introduction of 
estrogens into eggs by dipping the eggs into estrogen emulsions caused 
permanent changes in genetic males. Such birds would lay eggs as 
adults. In a controlled experiment the method was found to be suc- 
cessful for introducing the estrogen into the egg (214). At hatching 
die left male gonad could not be distinguished histologically from a true 
ovary, but as the birds grew up the gonad gradually changed into a 
somewhat deformed testis which showed normal spermatogenesis (214). 
These results are in agreement with results obtained by injecting hor- 
mones into the egg (12, 31, 55, 224). Such a change from an apparent 
ovary to a testis will occur in spite of continued estrogen injection after 
hatching (48, 214). Occasionally, an ovotestis is found in such estrogen- 
injected chicks (48, 214). 
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In the adult, the anterior pituitary has a pronounced mfluenc 
secretion of the gonadal hormones, hy analogy it might be 
the embryonic pituitary is required for normal sex differentia i 
penmental hypophysectomy of the embryo before sex di er ’ 

(63, 211) or the injection of pituitary hormones into the embryo t, » 
or transplantation of pituitanes into developing embryos (211) are, 
c\er, without effect on sex differentiation of the chick 

At the time of hatching the female left gonad or ovary is we ^ 
veloped and consists of cortical as well as medullary tissue The rig 
rudimentary gonad is microscopically small and consists of medul a o y 
(222), although in some cases cortical tissue is present (see Sec i 
II, B) 

B The Right ( Rudimentary ) Gonad 
In the genetic female the right gonad becomes rudimentary during 
normal development and lacks a cortex probably because of the sm a 
number of primordial germ cells which migrated to it (22o) ' ie 

however, the left gonad is removed or when it becomes nonfunctional , 
the rudiment starts to develop In the large majority of cases the ru 1 
ment develops into a testis or an ovotestis (54, 55, 118, 206) Whet e 
or not such a rudiment will show spermatogenesis depends on the age 
at which ovariectomy is performed If performed before thirty days o 
age the incidence of spermatogenesis is higher than if the operation 
occurs later in life (54) Although sperm may be present in these 
female right gonads it does not mean that these “poulards” can sir® 
chicks because the testis does not become connected to a vas deferens 
and consequently the sperm can not reach the exterior The case of a 
hen which laid eggs and subsequently sired chicks (46) is probably a 
case of true hermaphroditism At autopsy two testes and a diseased 
ovary were found m this bird (46) 

Tliis inhibition of rudiment development by the ovary has been 
investigated m two different laboratories (118, 206) After ovariectomy , 
Komfcld and Nalbandov (118) injected different doses of estrogen to 
determine whether physiological amounts, such as are secreted by the 
o\ary, would inhibit rudiment growth The doses which were capable 
of inhibiting the rudiment were so small that the oviduct was not stimu 


latcd, indicating tint they were within the physiological range In cases 
where the rudiment developed in spite of estrogen secretion, formation 
of ovarian tissue seemed to be favored (118, 206) It is not established 
with certainty whether this effect of estrogen is due to stimulation of 
formation of cortical tissue dc novo or due to stimulation of alreadv 
existing cortical tissue The experimental evidence seems to favor the 
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hypothesis of new cortical tissue formation. For instance, Wolff and 
Wolff (226) Induced ovarian development in right male gonads which 
consist normally of only medullary tissue. With ducks, Lewis (128) 
presented histological evidence that estrogens can cause cortex formji- 
tion from medullary tissue. The evidence for the hypothesis that 
estrogens act on already existing cortical tissue is more indirect. Koni- 
feld and Nalbandov (118) found, e.g., in untreated ovariectomized 
chicks, 8 out of 22 cases in which ovarian tissue was present in the 
developed rudiment (3 ovotestis, 5 ovaries). This demonstrates that the 
right female gonad at least Is not exclusively medullary tissue. The fac* 
that Taber and Salley (206) found no ovaries in their sinistrally ovarieo 
tomized pullets may be due more to the smaller number of chicks used 
rather than to basic difference in results between the two groups of 
experimenters. 

After the right gonad has developed, estrogens do not affect the estab- 
lished structure or its development. Although hypophysectomy or pro- 
lactin injection suppresses its development, gonadotropin injection seems 
to be without effect (118). These observations suggest that hypophysec- 
tomy may have its effect for reasons other than causing lack of gonado- 
tropins. Hypophysectomy will also drastically reduce thyroid activity 
(10, 47). That hypothyroidism causes rapid regression of the gonads is 
well established (18, 223). If lack of gonadotropins were the only 
cause for reduced growth of the right gonad, the estrogens, which inhibit 
gonadotropin secretion (148), would have been expected to inhibit 
rudiment development. 

According to Hewitt (92), the adrenal is necessary for rudiment 
development, but subsequent work has indicated that the slower rudi- 
ment growth observed in the adrenalectomized bird can be explained 
on the basis of general physiological disturbance rather than the lack 
of adrenocortical hormones per se (207). 

Though the presence of only one ovary in birds is the more common, 
cases of two functional ovaries have been reported in chickens (62, 
102, 201), and in some species the incidence of individuals with two 
functional ovaries maybe as high as 66% (179). 

C. The Left Gonad 

The ovary of the immature or of the nonproductive bird is a y eh 
Jewish, flat, irregular-shaped organ. If the bird is in full production, the 
ovary consists of a stroma covered by rather small (l-2mm.) follicles 
and a graded series of larger follicles. While the smaller follicles are 
filled with white yolk, the larger ones contain yellow yolk. Tliese follicles 


310 


A \AN TIEMIOVEN 


ar e attached to the rest of the or ary by a stalk 

have a smaller parasitic follicle (151) The °'”y Js morc than 

follicles which in clnchcns regress rapidly One soldo B 
five of such follicles, even ,n a bird m M*"**"^ breeding 
the ruptured follicles do not regress complete y a, 0 of 

season It is, therefore, possible to obtain a fairly c * the 

the number of eggs laid during the season by simply count, g 
number of ruptured follicles (34,112) st of ( a ) a 

On histological examination the o\ary is found to (12), 

stroma which contains cells resembling the Lc> dig cc remnants 

and (b) a cortex from which the follicles develop n a ’ , the 

of the caudal mesonephric tubules, the epoophoron, arc / 16 ) 

ovary (16) Also, part of the left adrenal is imbedded in the o 0 

The folhcular wall consists of the theca follicull which » P e , 
of the theca extema and the theca interna Tlie theca o > ^ ([er 

tremely vascular and surrounds the basement membrane g, 

surrounds the granulosa under which the vitelline membrane, 
and germ cell are found (151) On the folhcular wall, which n „ arcn tl> 
supphed with veins, there is on gross examination an area app 
free of blood vessels This area, the stigma, is the area along " _ 

folhcle will rupture The contention that no blood vessels cross ° 

ma proves to be false under microscopic examination (151) 

Up until about 100-120 days of age, ovarian growth is slow, 

100-120 days a sudden, rapid weight increase starts This is large > 
to yolk deposition in the follicles ^ 

When mammahan gonadotropins are injected into immature or ^ 
ture mammals the gonads are stimulated A similar response is o 
when mammahan gonadotropins are injected into male baby c C ots 
pullets which have nearly reached sexual maturity Although at e P 
to cause development of follicles of the ovaries of immature p u ® 
injeebon of mammalian gonadotropins proved to be unsuccessful ( » ’ 

estrogen secretion by the ovary was stimulated (5) A similar situ ^ 
exists in hypophysectomized roosters in which comb size can no 
maintained by mammalian gonadotropin (152) In the case of imma 
pullets (50), hypophysectomized pullets (50), or liypophysectoiruz 
roosters (152), follicular stimulation and comb growth, respective y» 
can be obtained by chicken pituitary preparations On this basis 
bandov et al (152) and Das and Nalbandov (50) proposed that eit ^ 
there is a “third gonadotrophin” or that avian and mammalian FSH a ° 
TH differ qualitatively A similar situation exists in fishes Fishpite* 
^ tanes, but not mammahan or avian gonadotropins are effective m st,rn 
ulabng the fish gonads (95) 
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lipemia Obviously, the increased fat 

higher energy intake b\ the animal Eslr 8 reducing the ratio of 
93) and thus inerease caloric efficiency , nc reas,ng 

maintenance requirement to total feed consu p , 

ealone efficiency (53) estrogens cause 

In addition to causing an increase in blood J'P lds ’ ^ (9S 

an increase in blood globulin and o''’”™” 1 ,’tn vm (86) Th e 
99 213), blood biotin (87), vitamin A (66), and nb °?* t ,, c fact that 
key role that the liver play s in these responses is evident from a 

functional hepatectomy abolishes the increase in lipids ( 1 -, “ * '’ a ‘ tl0n 0 f 
protein (213), and phosplioprotcin (213), as well as the 
inorganic phosphate into phosphoprotein (213) These espe „ 
flrrrv hVlP VlfiW tliat the liver is the site of vitcllin production ( / 


Estro* 


of h\er 


cells 


gen can prevent liver damage and may stimulate repair 
damaged by certain alkaloids (35) , r or ,n 

Thyroid hormone administration which has been advocai ^ 
creasing egg production, abolishes the increase in blood bpids { . 

blood globulin and albumin (200), scrum vitcllin (98), and bio 
but the increase m oviduct size is not affected That the in u ^ jn 
the estrogen response by thyroid hormone is not due to an incr 
general metabolism has been demonstrated by Fleisclimann (57) , 

Fleischmann and Fried (58) generalized that tli)roxine a 
metabohe pathways but did not affect structural elements As we ^ ^ 
see later disrupted metabohe pathways can also affect the respon ^ 
structural elements to estrogen It is attractive to speculate abou ^ 
common denominator involved in the metabohe pathways wnicn , 
hpemia and proteinemia Tliyroxine may abolish the estrogen i ^ 
responses by decreasing oxidative phosphorylation This effect o 
roxine is well estabhshed tn vitro (122) . ^ 

Estrogens not only cause profound changes in the organic 
constituents but also in the inorganic constituents Some of the me ^ 
msms involved in causing these changes are still poorly understoo 
Therefore the effects which have been noted will be only bne 


mentioned 

Bolton (21) found that estrogens cause an increase in the manga ne ^ 
content of the liver and blood plasma This effect may result from 1 
creased absorption , 

Estrogen administration causes a decrease in blood hemoglobin ("0 *’ 
but the blood plasma iron is increased 500-600% (171) ,, y 

Blood inorganic phosphorus increases due to estrogen are proba } 
mediated via changes m phosphatase activity (121) 



uuq; suoq ui uinuquo poo^q uo ; 99 jj 9 jo;ua:i2 b puj uoquqsimuipB pioiXq; 
-uaud ;uq; poiu^suouiop qoiqAY ‘(69l) P W uqoj 30 s}uoumocL\o oq; 

UlOJJ ;U 9 piAD SLUQ 3 S SQUOULIOq QAV) oq) UOOAV^Oq UOHOUJOJUt OIJX (n) 

suoquAiasqo [«o»3o[0}sjq Xq passasss su ‘X;i\i;du pioiXipuicd pun (OoX) 

GZIS piOjXlpLUCd UI 9 SUGJ 0 UI UU S 3 SOLD UOi;B.i;SlUlUIpB UoSoXlS^I OUOUUOq 

pioiXq;uu,d pus ua2oijsa 30 uorpu-xajui ub Xq osju puu spioiXipuJvd sip 
cla uot;uuuoj auoq puu Biui90[BD uo 30333a uaq; GAuq Xbui suoSonsg 

uoquajoi 

umio[uo posBoiour jo auo si 33933a {[C-iaAO 9 ip ;\]ip os l (69) uoijaioxo 
umuquo pasBQJoap b Xq paiuBduioDOB (63X) sauqsa^ut aq; uiojj uopdios 
*qc uinro[LO pascaioui 9133 Xq paunqdxa oq ubo 399339 pjoixopuaud jsnp 
sup 30 ;ib<£ ( 9£t ‘QZX ‘1ST ‘00T ‘61 ) uoquogissoiadXq Suisnuo 30 os^b 
puu Biuiao[uo Suisnuo 30 uoqounj junp sip aAcq 03 siuaas uaSo-qsg; 

panox sbav 399339 

ojqBjnsBatu ou sXup jq J 91 JB 3nq puaurjBa^ 30 sXup 6 -19336 paanpai ai9A\ 
BIUI 9 UI 930 jd puu BIUI 99 JB 9 paOUpUI U 93 oi}S 9 ‘ 39 Ip 9 lp UI JIOBJnOtq; JO 
I 9 A 9 J 3 UB 3 SU 09 b ipiM pBip p 9 A\oqs (iZZ) 2 y ?9 Vl 2 u M (LZZ ‘SF) Qsuods 
oj sip Stiunsuaur 30 9iuq aq; puc ;uaui;La.q 9 q 3 30 ;jb;s oq; uaaAv;aq 
jBAia;ut aq; Xq puB ‘pasn s(9A9[ jBuouuoq aq; Xq paouaiqjui aiu pain 
-SB 9 UI £>309339 aq; 3 Bip si uisqoqB 3 aui uimajBO uo sauouuoq pioiXq; puu 
ua2oi;sa 30 30959 aq; 2uiss9ssu ui paia;unooua sarqnoiqip aq; 30 guq 

uiniojBO poojq ui asBaio 

ap u a3B3iss9oau ;ou saop uq[a;rA uuuas ui asuaiaap u ‘(981) umrojeo 
30 ;iodsuBi; 9q3 ui 9[0i B Xu[d Xbui uqja;iA q2noq;jv umiojuo ju 31103300 
OTUbSiOUI SB 3U9S9ld SBAV UiniOJBO p9ZIU0IU0U 9q3 IJB S3U9UIU9dx9 9S9q3 UJ 
(SIS) wniopjo uinias aip SupoagB ;noq;iA\ XydiBqs uq3a;iA uuuas pasuaio 
-9p sBq Xuiojoajudaq jBuoipunj sjuauuiadxa iaipo ut asnuoaq jnjjqnop 
auiooaq SBq 3d90uoo siqx (§6) l v W B P OSO H p9}tf-qsuouiap uaaq SBq 
sinooo ia;;B[ aq; ;uqx uoqonpoid uiq93TA 2uissaidap Xq uinio[Bo uuuas 
ui assaioap b sasnuo auouuoq pioiXq; aq; 3Bip (gg) pauj pus uubui 
- qosiajx jo sisaqjodXq aq; q;iAV 33 j2b pjnoAV uoijBjai B qong juasaid sba\ 
uimojLO jBpioqoD oiub 2 ioui 033313 ;uq; papiqouoD sioqinu aqx sax93duioo 
uia30jdodq-BQ puu ui930id-BQ su J03 pa3unoo9B aq p3U09 uimo[BD paziuot 
-uou aq; 33B xuauiuadxa siq; ui uii[a3iA uuuas ui asBaioux aip ipuv 
p93BioossB Xjasofo sba\ uiniojBa pasBaJOUi aip qotqa pa3B9X| uaSopsa ^aujut 
am UI ;Eip paA\ot[S (ggt) }sun pu« apislips (Sil ‘8S ‘is) 

[ejoj am jo uoqocjj a[qBJ3j[puon aqj ui oscajaui aip /Cq ioj pajunoaau 
aq ubo uintoiBO poo3q ui asuaioui aip 30 33B 3SOU13V 9 iaq paiapisuoa 
aq 33 ia\ sjuauidojaAap xuaoai aioui Xjuo puB poafqns aq; uo ojn;BJa;q aq; 
paAvauai (6Sl) zuoioq uot;oBJa;ui ououuoq puu uisqoqB;aui jBJauiui 30 
s;oadsB 2 uqsoja;ui ;soui aq; jo auo si Biuiaojuo paonpui-ua 2 oi;so aqx 

gXC xivi^u tavoj mix JO lOOXOISUId 



314 


A \ AN TIEMIOVEN 


m roosters This experiment also refuted the theory tint para ') 
hormone had no effect on blood calcium of chickens (6) The rea 
for the greater effect of parathyroid hormone in hens ma) be tha 
higher serum vitellm could matcnall) aid in the transport of ca cium 
from the bone to other parts of the body (186) 

Polm and Sturkie (168) found that parathyroidcctom) caused a sharp 
decrease in the blood calcium level, results contrary to those repor e 
in the earlier literature (6, 176) Tins decrease in blood calcium inc u C * 
a decrease in diffusible as well as nondiffusiblc calcium, but the la cr 
may be due to starvation and not to parathyroidectomy per sc 
parathyrmdectomized birds estrogens could not increase the nondiffusi 
calcium level after the diffusible calcium had dropped below normal Jj 
a calcium deficient diet, estrogen will cause calcemia at the exp ense 
skeletal calcium and parathyroid extract will cause bone decalcification 
These observations indicate that the calcium lc\ els in blood and skeleton 
may determine the kind of response found after various hormone mjec 
tions Thus, another mechanism may play a role m the homeostasis o 
calcium, but what this mechanism is, is unknown at the moment 


2 Androgen 

In the female, this group of hormones is secreted by the interstitial 
cells of the ovary (11) Androgens help to determine comb size, ore 
involved in the development of the uropygial gland (113), and 10 
massive doses cause oviduct development (116) However, androgens 
are important for female reproduction because they interact with other 
hormones 

Estrogen will cause an increase in oviduct size, but secretion is 
induced ^only by a combination of estrogen with progesterone or andro 

Androgen and estrogen are claimed to act s) nergistically on the ovary 
of the immature pullet (26) As no statistical analysis of the data are 
given this conclusion is doubtful The histological observations also do 
not support the conclusion of a synergism between estrogen and androgen 
because the ovaries from birds receiving the combined treatment are sum 
lar to the controls The claim of a synergism (26) between the combined 
estrogen androgen treatment and PMS may not be valid because the 
ovaries from treated birds were not compared with ovaries of birds 
receiving PMS alone That androgen stimulates follicular growth is 
better substantiated (26) Whether the testosterone reacts directly on 
the ovary or via the pituitary is not definitely determined 

Calcium retention is increased by the simultaneous administration of 
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The hypothesis that the “triggering” mechanism for LH release is 
the hypothalamus and that the control over the pituitar) occurs via 
neurohumoral pathway is generally accepted (62) However, the op^ 
ponents of this concept have found a strong advocate in Zucherma 
(231) r 

Fraps (62) has proposed that \anations occur in the thresho 
response to the stimulus which causes release of LH According to 
hypothesis, these variations would be diurnal, thus accounting for e 
fact that very few ovulations occur in the afternoon, provided 
birds are on 14 hours of light per day When the correct combination 
between the “excitation” hormone and the threshold of response occurs, 
LH is released The evidence strongly suggests that progesterone or 
some other progestin is the excitation hormone Fraps (62) has pointe 
out that this concept “ should be considered as a formulation of pos 
sible rather than of proven relationships ” Even if modifications ha\e to 
be made in this working hypothesis, it seems unlikely that progestin 
will be eliminated as a regulator of the ovulatory cycle 

Lehrman and Brody (126) proposed a regulatory function for pr°" 
gesterone in the reproductive cycle of the pigeon Tlus reproductive 
cycle is entirely different from that in the domestic fowl The pigeon 
lays two eggs and then starts incubation After hatching, the male as 
well as the female secrete pigeon milk from their crop glands Tins 
“milk” is fed to the young by regurgitation The secretion of the pigeon 
milk is controlled by prolactin and the response of the crop gland to 
prolactin is sufficiently specific to serve as one of the bioassay methods 
Lehrman and Brody (126) have postulated the following order of events 
in the ovary to account for the laiown facts Under the influence of the 
gonadotropins the ovarian follicles start to secrete estrogen, as the fol 
licles approach ovulation progesterone is also secreted The synergism 
of progesterone and estrogen results in increased oviduct size and secre 
toiy activity Broodmess can be induced via prolactin secretion (174). 
meubabon behavior can be induced by progesterone directly (125a) 
Species differences with respect to the response to progesterone are 
P ro f esterone does not induce broodiness but, rather, 
*J 5 SuCh 3 deference in reacbon is not surprising when 
bon Prn3t 6 different land of cycles in the species in q ues 

broodfn3 f? n J PeU f ,m P lants ^ded to prevent the occurrence of 
and lav nf rt, ft e / S ’ ^ ut mt erval between the end of broodiness 
not ^ 3 rtCned < 215 ) These observations are 

* 1 , . t l eit her with the experiments in which progesterone 

helped to maintain the PMS shmulated follicles of turkeys ?61) or with 



•uopisodap qpX 

osnco }ou op ‘sDAjostuom Xq ‘sououuoq jupBUoS oip }Bq} juop si 4 ; 'uois 
-sojSoj uujjuao osnuo puc uojpnpoad S3a }iqiqui uaSopsa jo sosop oS-nq 
osnuoog •iucojjs poo[q atp 0 }ui soajosoj aip uiojj sjuaippsuoo suouba oip 
Sujzqiqoui Xq Xiqujapisuoa ssaaoid slip ajuiqpBj sauouuoq ubijbao aip 
‘OAoqu passnosip sy 'spnq SutXupou }nq ajnjBui ojui sauouuoq asaip 
jo uopoahn Xq pajupsuouiap Xpsua aq ubo sb ‘suidoijopBuoS X-uqmjid 
oqi jo ioijuoo aip japun si uiiiao aq} ojui qjoX jo uopisodap oqx 
uoijisodoQ yio£ -3 

•spjiq pazTLUopapioiXqj-paziuodua 
puu poziuoduo uo }no paixico aq pjnoqs qoui jo uoqupiSai aip uo sjudui 
- uaclxa ‘uopaioas auouuoq snouaSopua jo aauanjjui aip a}Buiuiqa ox 

■jo} ouj Supnqpquoa a[qissod b sb paqoopaAO aq }ou 
pjnoqs auojajsaSojd Xq paanpui Xjiaijob pioiXq} jo uopBjnuips Xjo}isubi} 
aq} }mp s}sa83ns jaA\aiAaj siqx ’XiBssaaau si siqnuiqs jaqjouB ‘snip 
Kin) 3up[oui ui qnsai } 0 u qiA\ uopajaas uaSoxjsa ui asBaioap y -qoui 
aq; ui paqnsai *(06l) Billed jaq}Baj aq} uo auoiajsaSoid jo uoipB 3ui 
-jBjnuips aip srqd ‘siqj }Bq} puB uopajaas uaSojjsa paqsiuiuiip ui paqns 
-ai uoissaiSai ubijbao aq} }Bq} paqauai sba\ uoisnpuoa aqx '(^ 6 ) teil 
iptA\ pajpnjs sbav uopaafui auojajsaSojd jojjb pioiXip aip jo XjiApou aip 
‘(OIS) Sujqoui sasnBo uopBJjsiuiuipB ptojXip asnuaag; *(K>) oquuux 
puu ouaunjj Xq pajcSpsaAui uaaq seq Sup[oui uo auoia}sa3ojd jo joajja 
aqx -uopajaas uidoj}opBUo3 Supiqiqui Xq XjqBuinsajd ‘sapqjoj aip jo 
uoissaaSai pidui Xq paiuuduiooau Xiquqojd si uopanpojd 33a ui dojp aqx 
'(l 6 I ‘061 ‘ITT ‘ 8 £ ‘Z ‘l) }I 0UI B oonpoi suip auins aip }b pan uopanpojd 
33a ut dojp ajurpauiuii ub asnua sasop oSjbj Suopanpoid asBaiaui snip puu 
azis qojnp aip asBOJaui Xbui apXa aq; ui auip }aajjoa aip }b uaAiS sa 
-sop ipuis :spajja ui saauajajjip opuiUBjp aanpoid auojajsaSojd jo sasop 
juaiajjiQ -sopci auoiajsaSojd-uaSojjsa ui saouaiajjip o; 10 auoiajsaSojd 
jo saScsop ajnjosqu ui saouaiajjip o; jaqjia anp aq Xbui spodai Supoip 
-uoQ ‘(06) pnptAO pa}B[nuips-ua§oj}sa aqj uo auojajsaSoid jo uopou 
Xiojiqjqui ub jo sjiodai ojb ajaip ‘XpBUtx ’(lZ "03 ) p9A J 3sqo si uopau 
opsiSiauXs on siaipo ur apqAi ‘(^CI ‘S3 ‘C) XpBopsiSiauXs job sauouuoq 
oavj aq} ‘sasBO arnos uj quajsisuoo uaaq } 0 U suq azis pnpiAO uo auoja} 
-saSoid puu ua3oj;sa Suiuiquioo jo joajja ai[X *(03) JSAaAvoq ‘uopajaas 
UTABpoqu jo a}Bi aq} asuajout qiAV auojajsaSoij *auoju uaSoijsa q}iA\ 
jnooo piAv uoijajaas uiABgoqii }nq ‘auoiajsaSojd puB uaSoxjsa jo uopou 
snoauBqnuns aq} ajmbai ( 88 ) nopaioas uiptAu puu ‘(S3) «I»«nqiy 

*(AH) S}3{[nd ajnjBUiuii ui pa}uu[duii ji uopanpoid 33a JaqSrq 
puB jaqjBa asnua sjaqad auoia}sa3oid aiaqAV suaqoiqo q}iA\. qiOA\ aip 

ll£ 


3T[VJS:3J :7AVOJ 3HX aooioisaim 



318 


A \ AN' TBE'JHOVEN 


To make any reasonable speculation as to how the S° n ^°^ d 
cause yolk deposihon, the physicochemical facts of this P t 

he understood The deposition of yolk hp.ds 
process from fat secrebon m the mammary gland The la 
lipogenesis by the mammary gland tissue (59) white i “ >nvol ves 

genesis occurs in the liver and the deposition into vitelline 

selective absorption (179) by the follicular wall as well .as the of 
membrane During the growing period of the follicle, the ./are 

these membranes changes three times (133) Mostly neutr ^ 

deposited durmg the early growth period, mostly yolk p r0 ® ^ 

next, and finally, mostly phospholipids In this final stage 0 j 

membrane becomes semipermeable to these substances The e b^ 
the coccidiostat, nicarbazm, causes the vitelhne membrane to o ^ 
of its selectivity, so that, in the oviduct, fluid, mostly water p us 
albumin, enters into the yolk causing blemished yolks (216) ^ 

On the basis of what is known about the physical chemistry o ? ^ 
deposition, one may speculate that the gonadotropins change e . 
tmty of the membranes separating yolk and blood stream T ie ^ 
of these mechanisms is not easy because interpretation of the e p^ 
ments will be difficult unless hypophysectomized birds are us® 
such birds will not respond to mammalian gonadotropins (50), P 
Bed chicken gonadotropins must be used ^ 

It is not known why certain follicles are stimulated and other 
not, even though all follicles are exposed, supposedly, to the same 


of hormones in the circulating blood e( j 

Although many of these fundamental questions are still unanswe _ 
some phenomena of yolk deposition have been studied quantitaov / 
Conrad and Warren (44), and Warren and Conrad (219) studie 
rate of yolk deposition by the injection of fat soluble dyes This res 
m the deposition of colored concentric rings m the yolk Measurem 
of the distances between these rings allows the calculation of the a®° 
of >olk laid down each day With this method it was found that 
amount of yolk deposited per day increased from the ninth until 
second day before ovulation During the 2 days before ovulation, ^ 
rate of yolk deposition decreased slightly As it takes a follicle abou 
dajs to grow from 2 mm to ovulatory size, the measurements use 7 
these authors give a fairly complete account of the rate of folk** 
growth 

As mentioned before, PMS and FSH can stimulate follicular grow* 11 
The regulation of FSH secretion during the laying cycle is not comp e 
1) understood Fraps (62) has presented evidence that a neural mec 
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maturation and >olk deposition, tins subject is bn ^> haie a bene 
Most of the evidence indicating that thjroid liormon f ,j 

ficial effect is intbrect or derived from experiments i ^ 

protein was fed In cocks hypothyroidism usual ) rcsul , tesU ! 
gonad maturation (18) while hyperthyroidism results in incrcasea^ ^ 

size and earlier sperm production (4, lOo) Tlie rein ■> thymoid 

tween the lower rate of production m the summer and the lo»e > 
secretion rate at high temperatures (96) suggests an effec Jj bi 
hormone administration on egg production Tlie evidence p 
Booker and Sturkie (22) showing that the thyroid hormone se 


Booker and Sturkie (22) snowing mar rue , [our 

rate of birds with two egg cycles is lower than tint of bird on 


mm ui - , om \ based 

egg cycles is also suggestive Experimental evidence 
thyroprotem feeding is inconclusive (103) According ; to i can 
(146), much success from feeding thyroprotem on a flock acc0un t 
not be expected because flock feeding would not take in o ^ 
individual differences m thyroid function between birds A s " 
cussed, hyperthyroidism depresses bpemia and the scrum vitc 1 
thus making egg production practically impossible . j,) 

A functional relationship between thyroid and ovary is sugg cS . 
the observation of Blanquet et al (17) that I 13 * is incorporate | n 
large amounts m the rapidly growing follicles In small follic es 
white yolk there is little or no I 131 accumulated (178) These 
suggest competition between thyroid and ovary for available i ^ 
More quantitative data showing the ratio of I 131 accumulation be ' 
thyroid and ovary under various physiological conditions are ne 
before an interpretation of such a relationship can be made 

Usually ovulation occurs after the yolk has been deposited ^ 
lation occurs under the influence of LH, which apparently caUS ^i . e 
generative changes in the stigma of the mature follicle (62) 
changes are apparently completed at least one hour before ovU ^ a ^ ^ 


If the follicle is removed one hour before ovulation and suspend' _ 
saline solution at body temperature, ovulation occurs at the norma 
(153) Little is known, however, about the changes in the stigma 


the mechanisms that cause such changes i v 

The factors involved in the control of ovulation have been extensiv / 
discussed by Fraps (62) and the interested reader is referred to 
paper for details 


F Gametogenesis 

Gametogenesis starts m the chick embryo At the time of 
primary oocytes are present in the ovary and the chromosomes 
M 2 boat* 


bivalent (102) The nucleus undergoes no changes until about * 
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ist in birds can be found in the earlier literature (62) Extensive 
at Beltsville has demonstrated that parthenogenctic developmen 
common in certain breeds of turkeys (159, 163) and chickens ( 

In other breeds this tendency seems to be absent Investigations o 
developing embryos showed that although development might e 
layed, they were, m a minority of cases, completely normal structura^y 
(160) in all stages of development, including hatched poults s 
sible “causes’ for such parthenogenetic development the authors 13 
suggested . 

(a) Neural stimuli, such as those associated with seeing the ma 
(161, 163) The results reported are too variable to accept this con ^ t 
of neural stimuli Some of the experiments were so designed ( 161 ) 
variables, other than visual exposure to males, were involved 

(b) Vaccination of the hens with fowlpox or chickenpox vaccin 

(156) increased the incidence of parthenogenesis in the eggs laid by tnc 
hens The mechanism by Nvhich this vaccination has its effect is, as ye » 
unknown , 

The sex of the embryos from parthenogenetic eggs is always male an 
the embryos have the diploid number of chromosomes in their soma c 
cells (228) This indicates that parthenogenesis does not involve t © 
failure to extrude the first polar body (170) If such were the case one 
would expect female offspring One possibility is that the second p ola * 
body either is never extruded or is reincorporated and that the nuclei o 
ovum and second polar body fuse in a manner similar to the fusion ot 
male and female pronuclei m normal fertilization Such a hypothesis 
seems the most logical one, but it is possible that in the initial mitosis 
of the ovum a normal nuclear division without cell division takes pl aC ® 
This also, would yield 2 n chromosomes However, normally the secon 
polar body is not extruded until sperm penetrate the egg Tins suggests 
that the second polar body nucleus and ovum nucleus fuse again or are 
never separated 


ill The Oviduct 
A Embryonal Development 

The oviduct of the fowl develops from the embryonic Mullerian duct 
system present in both male and female embryos The regression of this 
duct system will not be described here, a detailed account of this process 
is given by Lutz Ostertag (131) The regression starts on day 8 of » 
cubation by day 13 only remnants of the Mullerian ducts are left As 
might be expected, the treatment of embryos with sex hormones retards 
le regression Generally, estrogens stimulate the Mullerian ducts an<3 
an increased incidence of persistent oviducts is found m male embryo: 
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chicks are normal m composition, indicating that the rate s ^ n . 
rather than the hind of synthesis is affected It is, in view of the a » 
not surprising to find that the response of the mammary gland to es 
gen and of the pigeon crop gland to prolactin ( 193 ) is reduced in o 
acid deficiency In both cases new tissue is formed requiring £ uC ® 
acid synthesis That different tissues are affected differentlv by ^ 
deficiency when stimulated b) the same hormone is illustrated in 
folic acid deficient pullet given massive doses of androgen In this cas 
the oviduct response is reduced (116), but the comb response is no 
Possibly the oviduct response is not really a response to androgen per < 
but is a response to estrogen formed from the androgen 


B Functions of the Oviduct 

The oviduct, after sexual maturity has been reached, fulfills several 
functions essential for normal reproduction 

1 Egg Formation 

The role that the oviduct pla)s in egg formation has been invest! 
gated extensively Because other reviews are available (179, 201), onl ) 
a short account will be given here 

In some instances the egg, after ovulation, falls into the ovarian 
pocket and is then engulfed by the infundibulum of the oviduct, >« 
other cases the follicle is engulfed by the oviduct poor to ovulation 
Sometimes the infundibulum fails to engulf the egg and the condition 
of an ovulating nonlayer exists (38, 104) In this condition the buds 
have all the appearances of a laying hen, such as red comb, spread be- 
tween the pubic bones, and even the bleaching of the pigment, the 
latter condition exists even though the pigments deposited in the )Olk 
are presumably reabsorbed in the body cavity, together with the rest ot 
the yolk, within 24 hours after ovulation (200) These observations 
certainly justify further research on the relation between pigment loss 
due to yolk pigment and losses due to other causes _ 

lhe yolk passes through the infundibulum in about 20 minutes The 
name chalaziferous region” has been given to this part of the oviduct 
because the materials from which the chalazae are formed are presumed 
LIT? hSre T 15 P robabl y incorrect, for when this part of 
Ll TT removed no effect is noted on the chalazae of the egg 
laid after the operation (30) 

! nfUndlbulum the eggs are transported to the magnum or 
theTnJl T S reSIOn * WherC lhe ti«ck albumin is secreted around 
the jolk. This secretion apparently does not involve the sympathetic 
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tot the white “color of the shells stems, not from the inability of 
the shell gland to synthesize pigment, but from a lack of su ^ 

In this discussion mention should be made of the meat p ^ 

in eggs of cluckens, pheasants, turkeys and ducks 138) and 
spots found in chicken, turkey, and duck eggs (Wo; An 
suggests that blood clots arc due to hemorrhages in the folUc ^ 
oviduct Investigators are not in agreement about the origin 
position of meat spots Burmester and Card (29), and a e con 
concluded, on the basis of histological evidence, that meat spo ^ 

sisted largely of degenerated red blood cells Nalbandov an , 

(150) further strengthened the hypothesis that meat spots ongi ^ 
from blood clots by incubating blood clots m vitro in albumins o ^ 
ferent acidity The color of the resulting meat spots depende on ^ 
pH of the albumin, which could partly explain the various co o ^ 
meat spots found m eggs Johnson (108) has, on the basis o 
lines of evidence, questioned the correctness of the Nalbandov 
theory of meat spot formation In the first place, selection studies 
shown that meat spots and blood spots may be due to different g 
combinations (108, 127) Second, there is a positive correlation be v ^ 
the color of meat spots and color of egg shell, within the same r 
(79, 106, 197), this correlation may be as high as 0 837 ( 197) ^” lS / e 7jn 
tionship is supported by experiments in which the feeding of mcarba 
resulted in lighter shells and lighter meat spots (79) Such eviden^ 
suggests the possibility that similar enzymes or enzyme systems a 
involved in the breakdown of blood pigments and synthesis of shell P 1 ^ 
ments, but it does not necessarily mean that meat spots cannot be forme 
from blood clots The histological evidence that meat spots consist large 
ly of degenerated red blood cells (29, 218) is more convincing R ecen ' 
evidence was presented (80) that stated that although meat spots p r ° 
duced in vitro from blood clots may resemble meat spots from eggs, s P eC 
trographic and chemical analysis as well as histological “'’ServaB 0 " 
showed these two kinds of meat spots to be different The artific / 
produced meat spots contained blood as determined by benzidine tes 
Meat spots from eggs were free of blood and contained a considerab 
amount of calcium 


Memtt (138) pointed out that part of the controversy on the ong 10 
of meat spots may lie in the criteria used to define meat and blood spots, 
he (138) suggested that meat spots may be of different origin Some 
meat spots result from degeneration of blood clots, others ongmaj 
from pieces of oviduct which have been loosened and incorporated m 
the egg This compromise point of view is probably correct 
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ovulation .s related to ovipos.t,on Premahire 

is accompanied by premature expulsion of the oviducal ^ the shell 
sibly the activity of the infundibulum dunng ° vulat * “hsequent dis 
gland actively to transport the egg to the vagina Th 1 6on 

tention of the vagina m turn calls the bearing down reBex mt 
and the egg is laid This however, cannot be die sole ■. xp aW e 

premature oviposition occurs only if the induced °'™ ,a , P ovu latmg 

by a few hours (62) On this basis, Fraps sugges s nbservatio 0 

follicle plays some role in oviposition This is in line with th ^ 

by Rothchild and Fraps (181, 182) that removal of the mo ^ 
ruptured folhcle causes delayed oviposition of the oviducal gg ^ ^ 
maturing folhcle alone is removed, there is a slight delay, 
maturing and ruptured folhcle are removed the delay is grea y i ua ^ 
Reasonably, the changes taking place in a secretory pattern ar ^ ^ a 

so that an ovulating folhcle can have some effects in con l m ooS1 tiofl 
recently ruptured folhcle Light plays a role in the ^"^^eovulatoiy 


by reversing the light schedule, birds with ruptured a ”^gj^ e °c 0 ntroh 


follicles removed usually laid when the lights were on ( 
laid in the dark if the expected time of lay happened to fall in ^ 

\ , , . , . ui„ function oi *** 


period under the reversed light conditions The possible hum^^jnner 
is difficult to explam m the light of \%ork y 


ruptured follicles is aimcuit to explain m uie ugm u* * - 

and Fraps (43) showmg that removal of a small part of the > rup 
follicle cansec nrematiire nvinnsihrm whereas removal of a larg 


folhcle causes premature oviposition, whereas removal o* - - 

delayed oviposition Oviposition is regulated, certainly, by a Ve ^,Jati oD 
plex system of neural and hormonal interactions synchronizing o 
and oviposition m a manner whereby except for the last egg ° e%1 

ovulation occurs about 30 minutes after oviposition (220) ^ ° 

dence is needed on the nature of the stimuli required for oviposi ^ 
ovulation and also on the nature of oviposition itself What for 111 
causes the egg to be transported from shell gland to vagina? 


3 Regulation of Ovulation ^ 

A thud possible function of the oviduct involves the tuning of °' q 
tion The insertion of a thread into the oviduct causes mterrup 


interru^- ^ 

ovulation, although ovary, oviduct, and comb size remain nonnaH^j 


The injection of progesterone will cause release of LH from the ^ 
own pituitary or the injection of LH itself causes ovulation These ^ 
have been interpreted by assuming that the inserted thread inhibits p 
of LH release necessary for ovulation (101) As discussed, this con 
may ha\e to be changed to FSH plus LH release, but, basically* 
does not change the hypothesis that the oviduct, by a neural mechan 
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mumcation) reports excessive damage to the carcasses because 
treading in turkeys treated with estrogen 1 10 

In a flock of chickens the hens with the lowest soc “f /"se the) 
mate more frequently than the higher ranked birds 1 > * > 
are more likely to submit to the male Guhl (74) » 1 , ead t0 a 

relation between social rank and egg production and g tbn g 


relation oetweeii wwai r The squauu'o 

somewhat lower fertility in the higher producing hens^ A d 


response is apparently under the influence of the gonadal ““‘"■' tested b) 
ministration of estrogen increases the incidence of squatting^^^ wll h 


ministration ot estrogen increases me inducin'; m a .. ^ ntn 

putting a hand on the hen s back Progesterone acts synerg e g ect js 

estrogen m this respect while the testosterone estrogen com e a0 d 

not different from the effect of estrogen alone Both P r °® eS , re5S the 
testosterone given alone or in combination with each ot er 1 

response (3) mnortant ifl 

The hens role being largely passive seems not too 1 I entlfe i\ 
determining fertility in chickens For turkeys the sltu ^? n ,q 0 -i jj a le 
different In this species the hen initiates the mating (” nr elaM n § 
(76) found a significant correlation between the number o 
matings and the sex drive interval (interval between mating a ^ 
ness to mate again) As a short sex drive interval appears o 
related with high fertility it might be a fruitful approach to se 
on the basis of their prelaying mating activity Such an a "P jorin J 
combined with the proper selection of males could bring to a ^ 
level the rather poor fertility sometimes encountered in broad 
breeds of turkeys Robblce et al (177) found that select 1011 ° ^ 0 f 

with an upright carnage resulted in better fertility The hn 
Rooney (180) that small and large toms are equally fertile lS , irr a j jn gs. 
because artificial insemination was used to supplement natural 
If for some reason such as clumsiness of the males mating lS 
rupted after the tom starts treading no other mating is made un 
normal sex dnve interval has elapsed The hen apparently ex P er ^ Q pe- 
some kind of “orgasm which has the same result with respect ^ 
hauor as when the mating is completed (76) It xs easy to u^de ^ 
why fertility can become extremely low when the male is success ‘ 
completing the matings only part of the time i „o 

Actual observations of the matings in turkeys (76 196) sho* ^ 
preferential mating of the hens although variations of the ) jf 

different liens in a pen would indicate that this was the case 1 a 

more than one tom is in the pen however toms of higher soci3 
interfere with the mating of the toms of lower rank In view o ^ 
behavior of the hens after incomplete mating lower fertility lT11 S 
expected in multiple tom pens compared to single tom pens 
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(136) Broodiness is partly inherited via a sex-linked gene 
bihty is 0 20 Progeny testing for this trait in sires to be use ^ 
crosses was recommended by Saeki (184) In turkeys Me Y uQ 
compared the incidence of broodiness and egg production in ^ 

selected group of turkeys with a group in which selection w ^ 

against broodiness by only taking offspring of hens which a n , 
broodmess With this method of selection the incidence or r ent 
decreased and egg production improved Unfortunately, the g Q [ 

was discontinued before the selected strain was complete y 
broodiness On the basis of Saela s results with chickens p ro g^Y 


would have to be used to obtain a strain free of broodmess * 
why broodmess in turkeys is more prevalent than in most s a , ^ 
chickens is because broodmess was postulated to result m better e ^ 
This is incorrect (196), but it is true that hens will mate when re 
to the pen from the broody coop , j or 

In order to understand the rationale for the other methods . u ^ e o0 ^ t 
interrupting broodmess, a short review of the endocrinology of ^ 
ness will be given Broody behavior is caused by the secretion o 
lactin from the anterior pituitary This conclusion is based 
high prolactin concentration in the pituitanes of broody hens, as 
pared to laying hens (185) or to hens in which broody behavior has 
interrupted by an electric shock (144) Furthermore, prolactin mjec 
causes broodmess , ^ 

Saeki and Tanabe (185) analyzed the various factors mvohe ^ 
induction of broodmess in chickens In addition to prolactin injections, 
temperature of about 80°F and semidarkness were required ff"he s 
conditions without hormone injections did not result m broo 10 
Analysis of pituitanes for prolactin content, during the different s ^ a ^ e 
of incubation and canng for the chicks, indicated that sitting . 
e S5 s was controlled by prolactin but mothering care was not ( 
These observations were confirmed on capons, w'hich w the dark, " 
environment mentioned above would care for the chicks without 
change m prolactin secretion 

Prolactin injections induced mothering care in roosters placed 10 
semidark, warm environment (145) In view of the results of Saeki an 
Tanabe (185) this action of prolactin may have been an indirect on 
As prolactin causes testicular regression (145), the lack of androg e 
secretion may have been the cause of broody behavior m this environ 
ment If, instead of prolactin injection, castration had been perforce 
the same behavior could have been obtained. The regression of 
o\ ancs (8) and testes (145) ,s due to suppression of the hypoph^ 31 
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Unfortunately, in none of the methods used so far lias the subsequent 
egg production been increased, probably because the time required for 
the ovary to form mature follicles is not shortened by any of the hormones 
used The use of FSH or PMS in combination with the various methods 
used to interrupt broodmess is suggested as a possible approach for in- 
creasing egg production 

V Summary 

The development of the reproductive organs from the embryonic 
stage through sexual maturity and reproduction is under the influence 
of gonadal and pituitary hormones The synchronized sequence of 
hormonal secretions provides for mobilization of the body reserves to 
be deposited in the egg Comcidently, the female sex hormones stimulate 
appetite so that enough energy is obtained to prevent the depletion of 
body reserves Marked interactions between thyroid hormone and estro 
gens on blood composition occur but their significance is not under- 
stood Progesterone apparently acts synergistically on the oviduct, es 
pecnlly with respect to albumin and avidin It also regulates the sexual 
cycle of the hen and pigeon 

The mam function of androgens in the female is, as far as vve know 
now, to act synergistically with estrogen in oviduct stimulation 

The behavioral pattern of birds is of considerable importance in 
timing the events of mating so that optimum reproductive efficiency can 
be obtained Female behavior, apparently, plays a more crucial role in 
turkeys than in chickens in determining fertility Broodiness, although 
determined by hormonal factors, probably can be effectively eradicated 
from flocks by a breeding program Temporarily, hormone injections may 
be helpful in treating broodiness 

The whole problem of avian reproduction needs further study at the 
basic level of the nervous system and the biochemical action of the 
hormones 
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F W LORENZ 


I Introduction 

Avian reproductive physiology oxlnbits a number of oharactensWS 
dial distinguish it from the reproductive physiology of InamI "‘ 
distinguishing female characteristics described in the previous chapter, 
are largely associated with sequential egg production, each egg 
ing the entire nutritional supply for the externally developing ry^ 
Related characteristics are found in the genital physiology o 
and in the physiology of avian spermatozoa 

These characteristics, which are discussed in this chapter, have een 
studied largely in the domestic chicken, and most of the present iscu 
sion is based on this species Results of observations and experiments o 
other avian species are brought in only briefly for the most par an 
where the findings may be of general import, the reproductive physiology 
of the domestic turkey, however, is described somewhat more ru y 
because of recent interest in problems of fertility in this species Un ess 
otherwise specified statements in this chapter refer to domestic chickens 


II Sexual Development and Endocrine Control 
A Puberal Development 

Embryonic sex development and its endocrine interrelations have 
been discussed in the previous chapter Although hypophyseal gonado 
tropin plays no role in the process, the newly hatched chick (106) and 
even the late embryo (55) are responsive to this hormone The supply 
of gonadotropin remains low, however, for a few weeks in cockerels ( 25, 
26, 27), a few months in turkeys, and up to one or more years in various 
nondomesticated species This prepuberal period ends abruptly at a 
time which varies also with the breed or strain and with various environ- 
mental factors Gonadotropin now stimulates rapid growth of the testes 
and increases androgen production, which m turn stimulates develop- 
ment of the genital accessories and the masculine secondary sex charac- 
ters Using hypophysectomized cockerels, Nalbandov et al (191) de- 
termined that testis tubules may respond to punfied follicle stimulating 
hormone (FSH) without increasing androgen production, luteinizing 
hormone (LH) fractions did increase androgen output along with a 
general increase in testis weight and intertubular mass Mammalian 
preparations maintained androgen production for a few days only, while 
chicken pituitary powder did so indefinitely (192), suggesting that the 
avian pituitary produces either a third gonadotropin or a qualitatively 
different LH 

Kumaran and Turner (120) made a careful study of the histological 
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birds, such as caruncles of turkeys and eye patches of rmg P d 

ants are analogous to the coch’s comb and are specifically 
by androgen Crowing and aggressiveness are also quite spec y 
androgen induced and the specificity extends to both sexes, ^ 
onment in the hen, as well as aggressiveness, with its efiect o 
dominance, is a reflection of ovarian androgen output 

Libido with its associated behavior pattern in the intact male is 
normally a reaction to testicular androgen, but fundamentally its control 
is more complex The intensity and direction of courtship and mating 
patterns in normal and experimentally treated birds of both sexes ca 
•be interpreted only as a complex interaction between genetic sex, ex- 
perience, social dominance, and the libido enhancing effects of gona a 
steroids (290, 294), and may differ in different species Thus, male 
turkeys treated with estrogens regularly exhibit both masculine and 
feminine mating behavior, often to an exaggerated extent, in spite ot 
resulting reduction in androgen output, but estrogen stimulates only 
feminine behavior in the females (149) Chickens respond similarly, but 
masculine behavior is less regularly seen than feminine in estrogen- 
treated males, and is usually actually reduced through reduction of 


testicular endocrine activity That estrogen alone may activate mascu- 
line sex behavior in the genetic male has been demonstrated with ex- 
periments on capons and poulards (52, 53) Androgen administration 
induces predominantly masculine behavior in birds of both sexes, height 
cncd social dominance undoubtedly plays a role here and in some 
nondimorphic species a predominant role In the California valley quail 
( Lophorttjx calif omtea valhccla), by contrast, androgen induces be- 
havior patterns characteristic of the genehc sex, and estrogen has no 
effect on the behavior of cither sex (59) 

Although secondary sex characteristics do not normally dev elop until 
puberty, they may be induced at an early age Newly hatched chicks 
treated with androgen develop large combs and wattles, after a week 


of treatment they crow, “waltz,” and attempt to tread other chicks (93) 
Sex differences in body size are not sex hormonally determined, since 
completely castrated birds of both sexes retain their relative adult body 


weight Both androgen and estrogen stimulate growth in birds but these 
effects arc minor (7, 8, 149, 157) Androgen also has a minor effect on 
feather shape, acting in this respect like a very vv eak estrogen Tims, the 
hi ad dike saddle and hackle feathers of males are exaggerated m the 
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to androgen locally. Large doses were required, however; some 200 tig- 
estrone daily were necessary to inhibit consistently the response to a 
daily 2 pg. testosterone propionate (by comparison with the respon 
of the other half-comb which received androgen only). These dosage 
relationships may explain some previous failures to observe direct estro- 
gen inhibition; they may also make understandable the comb develop- 
ment that occurs in the presence of considerable amounts of estrogen 
(e.g., in the adult pellet-treated cock or in the normal laying hen). 


D. Thyroid Interactions 

In 1925 Crew (50) reported striking rejuvenation of aged fowl of 
both sexes by feeding desiccated thyroid, and the relationship of the 
thyroid to reproductive processes in birds has been actively investigated 
ever since. Effects of this organ arise in part from its influence on total 
body metabolism and in part from specific effects on the hypophysis (see 
15, 123 for review). Thyroidectomy reduces both the size and androgen 
output of the testes and abolishes spermatogenesis. Feeding a goitrogen 
to induce hypothyroidism has reduced testis size and androgen output 
without stopping spermatogenesis, but the spermatogenic process was 
noticeably abnormal. A mild hypothyroidism, produced by low dosage, 
has sometimes failed to inhibit, or has even stimulated, testis growth, 
but abnormal spermatogenesis was observed even on the lowest dosage. 
Mild hyperthyroidism produced by feeding thyroprotein stimulated an- 
drogen production without affecting spermatogenesis in 6- to 10 -week-old 
birds and only slightly in 12- to 14-week-old birds. These results sug- 
gested that the level of circulating thyroid hormone has a pronounced 
effect on the production of LH but little or none on FSH (123). The 
slight stimulation of spermatogenesis in the older birds was interpreted 
as being secondary to stimulation of androgen production. Elsewhere 
(281) a moderate dosage of thyroprotein fed to adult cocks stimulated 
sperm production but higher dosages depressed it. However, even larger 
effective doses of desiccated thyroid fed to drakes stimulated testis 
growth and spermatogenesis (105). 

A striking reduction in semen quality and fertilizing capacity was 
observed following administration of goitrogen at a level that had little 
or no influence on semen output (251). This effect may be correlated 
with the abnormal pattern of spermatogenesis observed above. Feeding 
thyroprotein to produce a mild state of hyperthyroidism in cocks has 
been reported to be detrimental to semen quality and fertilizing capac- 
ity (250), to be ineffective (101), and to prolong significantly the dura- 
tion of fertility (64). Dosage may have been excessive in the first 
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Products ot the semimfcrous tubules mdude sperm, e)tophsmic 
debns and secretron from the Sertoh cells (129) These products d.s- 
charce through the rete testis and short vasa efTerentia, both of which arc 
S wdh secretory cells, and the dnetuh epididymis, rrhiel. have a 



Fic 1 The genital system of the cock (132) 


pseudostratified, columnar, ciliated epithelium, and enter the vas deferens 
along the length of the testis (77, 132) 


B The Accessonj Reproductive Organs 
The testes and accessory organs are illustrated in Fig 1 A structure 
about 1 mm in diameter, comprising the short vasa efferentia and the 
small epididymis is closely attached to the full length of the dorsal sur- 
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S d^» .1,0 groovc bo- 

tween the folds Its anatomy and erectile mechanism have been 
extensively studied by Nishijamn (193, 194, 19o, -03) anc y • 
(132), who cite earlier papers Tlie process of erection, in contrast to 
that of mammals, is engorgement of the phallus with lymph, cr 
the cock is thus essentially the same as that described previously for the 
drake (143) Within the cloacal sphincter and around the bases ot 
ejaculatory ducts are a pair of “vascular bodies” (Tigs 1 and -), con- 
sisting of lymphoid tissue and abundantly supplied with blood from Uie 
internal pudendal artery Lymph sinuses drain through lateral lymp 
folds” into the round folds of the phallus Erection in the cock involves 
swelling of the round folds and lateral lymph folds and simultaneous 
relaxation of the posterior retractor penis muscle so that the phallus 
protrudes from the cloaca ventrally Within a few seconds the lymp i 
flows back through the same passages toward the vascular body and is 
drained away through the lymph duct lying alongside the internal pu- 


dendal artery 

The phallus is covered with stratified squamous epithelium of the 
mucous membrane variety, but the vascular bodies and lymph folds have 
pseudostratified, columnar epithelia, in the former this forms submucosal 
glands and contains many goblet cells (132) These structures all in- 
volute after castration and may be brought back to normal size and full 
function by androgen injections (201, 203) 

Although the genital apparatus of the turkey has been little studied, 
it appears to be grossly similar to that of the cock except for the struc- 
tures analogous to the white body of the phallus, instead of a single 
median structure, the turkey has two, one on the tip of each round fold, 
and except in white feathered breeds these are deeply pigmented 
Drakes and ganders have long spirally twisted phalli which are mtro- 
mittent organs, but these are also imperforate, and ejaculated semen 
runs along a groove on the surface Liebe (143) described the erectile 
mechanism in the drake, subsequently shown to be similar to that for 
the very different phallus of the cock (above) 


G Genital Temperature Control 

Since birds are cryptorchid, the scrotal temperature regulation charac- 
teristic of mammals does not exist Cowles and Nordstrom (48) com 
mented on the close relation of the testes to the abdominal air sacs. 
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versial literature, detailed discussion of which is be)ond the scope ° 
this chapter but which has been estensnel) reviewed previously 
GO, 61, 97, 171, 283, 295) In birest outline, birds respond through 
central pathways to various sensory stimuli with initiation of pitmtan- 
gonadotropin secretion The nature of the operatic sensory stimuli 
varies from species to species, but perhaps the most ncarl) uni\ crsal 
stimulus is an adequate amount of da> light, and there is evidence that 
birds generally are physiologically able to respond to photo stimuli 
whether or not (eg, as with equatorial species) change in daylight 
serves as the normal timing mechanism (172) Other initial stimuli, 
operative for certain species, include various climatic factors and ap- 
propriate development of specific food crops 

One essential step m the reproductive sequence is cessation of gonadal 
activity and assumption of parental functions The output of the hy- 
pophysis shifts from gonadotropin to prolactin (30), uluch results in 
testis collapse (190), stimulates broody behavior (234), and, m pigeons 
and doves, induces crop milk production in both sexes (235) Tins phase 
lasts only so long as the necessary stimuli ( eggs or nestlings ) are present, 
and in some species gonadal activity may be resumed if tlie external 
environment is favorable Ultimately, however, the gonads become rc 
fractory to further environmental stimuli and this refractoriness persists 
until the entire mechanism has been “reset" or “recharged" Whether 
refractoriness is primarily gonadal or hypophyseal is still a matter of 
controversy and may differ in different species, but ultimately both arc 
involved In some species [eg crowned sparrows (176)], resensitiza- 
tion requires a period of reduced or absent light stimulus, and m these 
birds prepuberal refractoriness must similarly be dispelled, so that a 
winter usually supervenes before the first breeding season In domestic 
flocks of chickens and turkeys only vestiges of these regulatory mecha 
msms persist, and their effects tend to be quantitative rather than quali- 
tative Nevertheless their responses to light, in the level of gonadal 
activity and in at least partial refractoriness, as well as their responses 
to other environmental stimuli, are economically important, applications 
to breeding practice are discussed m a later section 

B Courtship Behavior 

Courtship of domestic fowl involves only activities in close time re- 
lationship to intended copulation These have been most thoroughly 
described by Wood Gush (289) and include “waltzing" in which the 
cock drops one wing and approaches the hen with short shuffling side 
steps circling around the hen with exaggerated high steps, the “rear 
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clucks stimulated with equal quantities of exogenous androgen (293), 
although social dominance of the males over the hens does facilitate 
mating (86, 290) A significant negative correlation has been observed 
between comb size and mating frequenc) (291). Whether the size 
differences were due to differences in testicular activity or in comb 
sensitivity was not determined, but low sex drive m the large comb 
group was obviously not due to androgen deficiency It also could not 
be attributed to mechanical interference of the large combs with mating, 
since dubbing has failed -to improve mating frequency (144 291) 
Individual cocks have been observed to copulate as often as 41 (215) 
or 53 times (256) in a single day, but how many of these matings re- 
sulted in ejaculation is uncertain, a high percentage of single matings 
not resulting in fertility has been recorded (226) Most mating activity 
is in the late afternoon (144, 214, 256, 290) and it is during these same 
hours that the greatest volumes of semen and the largest numbers of 
spermatozoa can be obtained from isolated cocks bv massage tech- 
niques (131) 

The courtship and mating patterns of domestic turkeys show certain 
differences (92, 233) The common masculine display is “strutting,” in 
which the tom drops his wings so that the tips scrape the ground and 
steps forward at the same time forcing air into the “spongy’ tissue on 
his breast with a deep drumhhe sound This display reflex is less specifi 
cally androgen stimulated than is crowing or waltzing in the cock It 
may be observed in male turkeys only a few weeks old, and although 
its incidence is increased by androgen (endogenous or exogenous) it 
may also be very strikingly increased by estrogen administration Strut- 
ting also has no intimidating effect on the hen, it may f have some en 
ticement value, but its function in courtship has not been thoroughly 
analyzed The turkey hen initiates mating by approaching the male 
(92), he struts and she crouches The male mounts, onents to her head 
and gnps her wings with his treads, and makes cloacal contact as she 
elevates her tail The last is a definite orgasmic reaction on the part of 
the hen After reactions include shaking herself, sometimes running in 
an arc and vocalizing and loss of sexual responsiveness w hich may last 
for several days or weeks (92) 

D Artificial Insemination 

Artificial insemination is widely used for improving fertility in turkey 
breeding flocks and to a limited extent in chicken hatching egg produc 
' Uon ’ the techniques are almost universally used as research tools m 
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semen out of the distal vasa defcrcntia It is important not simply to 
squeeze the phallus, the bulbous ends of the vasa lie rather deeply m 
the walls of the cloaca and a considerable inward pressure is necessary 
to engage them This stimulation may cause actual ejaculation wain 
muscular contraction of the distal vasa defcrcntia and forcible ejection 
of semen through the ejaculatory ducts, if merely milked out, it flows 
over the surface of the erected phallus The semen may be collected in 
a small stem glass which has been held, meanwhile, between the last 
two fingers of the left hand, or in any convenient small glass receptacle, 
or by aspiration into a vial by a second assistant (44) This process can 
be repeated at once, often several times, with collection of additional but 
diminishing amounts of semen Care is necessary, especially with un- 
trained cocks, to avoid contaminating semen w ith simultaneously voided 
rectal or ureteral contents, care should also be exercised to avoid any 
more pressure with the fingers than is necessary to avoid bruising the 
tissues and perhaps causing extravasation of blood 

Several modifications of this technique have been found useful The 
assistant may be dispensed with if the cock is held tail forward, gripped 
between the operators thighs (275), or with its legs between the seated 
operator s knees Stimulation is often heightened if the lumbar region 
is stroked gently taihvard several times immediately pnor to the above 
procedure (31) Lake (133) has extended this technique, using primarily 
lumbar massage to stimulate forcible ejection from the ducts and to 
collect semen completely or relatively free of cloacal fluids from a con 
siderable proportion of cocks During collection of semen by ordinary 
techniques, streams of a “transparent fluid may often be seen flowing 
over the phallus, separate from but mixing with, semen from the ejacu- 
latory ducts Nishiyama (197, 199, 200, 203) presented evidence that 
this fluid is mainly lymph, or lymphlike blood transudate, presumably 
some of the fluid responsible for erection which has penetrated the 
columnar epithelium of the lymph folds He found the time curve of 
P 32 specific activity in transparent fluid to resemble closely the plasma 
specific activity curve, suggesting that it is a true transudate and not a 
secretion (202, 203), it may, however, contain a small amount of secre- 
glandular surfaces of the vascular bodies and lymph folds 
(133, 200) The proportions of transparent fluid to vas deferens semen 
vary widely from different cocks, the proportion is mcreased by over- 
vigorous milking at the base of the phallus and during successive im 
mediately repeated collections (133, 197, 203) Whether or not it should 
be considered a normal component of semen is discussed in Section V, A 
The semen collecbon techmque for turkeys (33) „ almost tdenheal 
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junction (5), both of which arc difficult to pass A tccl m .t,uc for rcacln 
log the uterus, first penetrating to the junction w ith a forefinger and then 
inserting a narrow glass cannula, using the forefinger as a guide, has been 
described (5) 

Intrapentoneal insemination, a technique for bypassing t» c e "' ,rc 
oviduct, has also been described (263, 26G), the abdominal trail is 
punctured with a sharp needle and a cannula is inserted to deposit semen 
in the region of the ovary 


3 Artificial Insemination of Some Other Species 
Ring necked pheasants may be handled like chickens, except that the 
birds smaller size ma> make the hand positions a little awkward during 
semen collection, the technique of lumbar stroking appears to be es- 
pecially useful with these birds Owen (210) described a modified 
technique suitable for pigeons and perhaps other smaller species The 
left hand is extended along the bird s back with the little finger hooked 
under the front of the right w mg, the thumb and index finger grasps the 
base of the pygostyle The thumb and second finger of the right hand 
press against the sides of the base of the cloical projection, while the 
third finger presses deeply between the pubic bones immediately below 
the vent Pressure in this position should partially erect the cloaca, the 
tail is now made to spread and fold alternately by a rhythmic pinching 
movement of the left thumb and forefinger If the manipulation is 
successful a drop of semen should appear after a second or two of mas- 
sage Owen recommended an insemination dosage of 0 01 ml diluted to 
003 ml with warm avian saline, and reported obtaining 62% fertile 
clutches when inseminations were made in the third to sixth day before 
the first egg of the clutch was laid Protrusion of the oviduct was not 
feasible, instead, the opening was found by probing with an eyedropper 
through the cloaca, to the left and somewhat dorsally Isolated pigeons 
and doves rarely lay, but various methods of psychic stimulation, such as 
penning a pair close together but separated by a wire partition, may 
be used to stimulate egg production without mating, and make artificial 
insemination possible 

Wolf son (284) obtained enough semen for microscopic examination 
from small passerines by applying gentle pressure to the anterior and 
posterior faces^of the cloaca, causing eversion of the cloaca and extrusion 
or a pinpoint” of semen 

Johnson (107) has described a technique tor collecting semen from 
ganders involving simultaneous stroking of the back and abdomen, both 
tossard the tail, followed by a very light massage of the pubic bones 
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The presence of a hard shelled egg in the uterus when a hen 1 
inseminated has been reported to reduce the resulting fertility (W 
but a soft egg m the same place is apparent!) not detrimental (-1J/ 
The mechanism of the effect remains obscure Some speculation has 
been based on Mimuras reports (177, 178) that an egg in the oviduct 
delays the upward passage of sperm, but these are difficult to interpret, 
his results were not altogether consistent, and his failure to find sperm 
m a particular area of the oviduct may not have meant that none were 
present Recently, Schindler cl al (245) demonstrated no delay in the 
onset of fertility in hens inseminated with a hard shelled egg in the uterus 
Eggs laid the next day (le, ovulated probably within an hour or so after 
the insemination) were fertile, also the level of fertility for the first 6 da)S 
was normal although the data suggested that the duration of fertility 
may have been shortened Very likely the observed effect of a hard- 
shelled egg in the uterus may be the result of its influence on the m 
seminating technique and/or on the total number of sperm that succeed 
in passing the uterovaginal junction 


2 Sperm Storage m the Oviduct 


Much remains to be learned about the behavior of sperm in the 
oviduct Some investigators have faded to find sperm in oviducts of 
mated or inseminated hens (eg 270), others have reported finding 
primarily immobilized sperm with beads detached (271) Van Dnm 
melen (264) commented on the difficulty of identifying sperm in oviduct 
scraping because of the large numbers of detached cilia present, and 
because of the Brownian movement in abundant particulate matter He 
reported finding intact motile sperm in fluid picked up from the wetted 
oviduct lining by capillary attraction as long as 2 weeks after insemina- 
tion and subsequently (265) reported and photographed sperm m deep 
crypts in the infundibular epithelium of inseminated hens Sometimes 
as many as 50 or 80 lay together in these so called “sperm nests” typicall) 
in quite regular arrangement with their heads crowded against the blind 
end of the crypt and the tails extending back along the lumen These 
observations have not been confirmed by all investigators and Van Dnm 
melen himself did not always find sperm by these techniques in naturally 
mated or inseminated hens apparently all aspects of sperm distribution 
in the oviduct are not yet understood 


Earlier failures to find sperm m oviducts coupled with failures to 
abolish fertility by irrigating oviducts with spermicidal solutions (104 
f 0 °2> ] f u t0 intraovanan fertilization theory (104), since disproved 
(206), they also led Walton and Whetham (270) to predict a protective 
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fertilized until 6 or 7 days after insemination, and a large tho “S h 
creasing proportion until 10 or 12 days Only t -ccas.ona l eggs s are fer t 
thereafter, the longest reported interval is 3o days (189) In turk > 
percentage fertility changes little for about 20 days, .and then .wanes 
gradually, with occasional fertile eggs being produced up to 10 weeks 
after insemination (91, 146, 161) Flock average fertility patterns ot 
turkeys, as described abate, are illustrated m Fig 3 Fertility patterns 
of individual hens hate more typically all, or nearly all, successive eggs 



Tic 3 Average fertility in turkeys after a single Insemination (146) Each 
point (except the first) shows the average percentage fertility of eggs laid during 
a 5-day penod The lower (broken) curve represents 1338 eggs from 51 hens The 
solid curve shows the fertility of the same group except for 5 hens that faded to be 
come fertile or that produced only an occasional fertile egg These inseminations 
were made in the early spring insemination made later in the year often yield 
curves that drop sooner 

fertile for a period which \anes with the individual hen, with the season, 
or even with the individual insemination Thereafter, fertile and infertile 
ct»gs may alternate irregularly for a very few days and then fertility quite 
abruptly ceases Only rarely are fertile eggs produced after 3 or 4 sue- 
cessiv c infcrtilcs 

There is considerable evidence that sperm may lose their ability to 
induce viable embrvos before they lose their ability to fertilize Nal- 
bandov and Card (169) demonstrated a progressive loss in embryo 
viability, manifested both bv decreased percentage hatch of fertile eggs 
and by earlier average age at death, starting 11 days after the final 
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From the reported frequency of these “preovnposital deaths appears 
likely that they may account for the greater proportion of missed 
eggs under optimum insemination programs, as well as for complete 
“sterility” in some hens 

V Semen 

Semen of birds is relative!) scanty in amount but higher in sperm 
density than mammalian semen Most studies have been made wit 
semen collected by the abdominal massage technique described above, 
a few made with semen intercepted during natural mating suggest that 
the massage technique produces about twice as much as would ordi- 
narily he ejaculated naturally Semen obtained from chickens vanes 
up to 2 ml with an average amount per collection close to 0 5 mb The 
a\erage concentration is probably close to 3 8 X 10° sperm per ml , but 
precise estimates have little meaning unless the collection techniques 
are defined Lake (133) found an average of 7 0 and a maximum of 
82 X 10 9 per mL in semen from 9 cocks collected free of transparent 
fluid Turkeys produce less but correspondingly more concentrated 
semen, averaging about 02 mb per collection and rarely exceeding 
0 5 ml , estimates of average sperm concentrations w turkey semen from 
different breeds have varied from 6 X 10° to approximately 11 X 10° 
per ml (118,151,152,164 166,220) 

A Composition 

Interpretation of some reported values for the composition of avian 
semen is complicated by the variable and uncertain inclusion of tians 
parent fluid Mann (168) found from 7 7 to 81 mg glucose and up to 
4 mg fructose per 100 ml together with small amounts of additional 
anthrone reactive carbohydrate in cock semen collected by the ordinar) 
massage technique Lake (133) could find no reducing sugar m semen 
collected directly from the ejaculatory ducts, although the transparent 
fluid contained appreciable amounts of an aldose, as determined b\ 
paper chromatograph) His observations were recently extended bv 
Lake and Lxirenz (13 j), transparent fluid contained 124 mg total 
reducing substance per 100 ml and ejaculatory duct seminal plasma 
45 mg , but the latter was mostly, at least, yeast nonfermentable Trans 
parent fluid developed a color with resorcinol equivalent to about 4 mg 
fructose per 100 mb, but duct fluid gave no test for this substance 
\ anous samples of whole semen (i e , as ordinarily collected) yielded an 
average of 2.2 mg fructose, it is possible that the color was an artifact 
an due to the slight color reaction of aldoses to this reagent However, 
several samples of whole turkey semen contained an average of 4 0 and 
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« i T,K set" 

05 . l diameter, has ^“' e H^up mat exi m 

matid nucleus and is probably entire y t electron beam mdicat- 



gwureoni 

Fic 4 Diagram of a cocV. spermatozoon (128) showing the sources of various 
structures 

derived from the cytoplasm and composed of a lipoid protein pol) sac 
chandc complex as judged from staining techniques The head is little 
affected by pepsin treatment, but trypsin completely removes the mem- 
brane permitting disorganization and at least partial digestion of the 
contents The acrosomc, at the anterior tip of the head, consists of a 
sharp pointed spine 1 3-1 5 \i long and 0 1 p in diameter, embedded m 
the head, and an apical cap which fits smoothlv over the spine and can 
be differentiated from the head proper onlj bj a faint line of demarha 
tion It is, however, more transparent to ultraviolet light than the head 
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antenor distal centnole according to Gngg and Hodge (78) or the 
proximal centnole according to Lake and Smiles (127) This spherical 
structure lies just behind, almost xxithin, the crescent, but is separated 
from the crescent h\ a short, nonstaming region, and from it the axial fila- 
ment extends continuous!) through the midpiece and tail Examination of 
living spermatids has demonstrated that the filament grow s out from the 
centnole (127) Surrounding the axial filament is the manchette and 
around this a structure denied from filamentous mitochondna These 
authors observed a fusion of the mitochondna into a spiral Gngg and 
Hodge (78) concluded from electron micrographs that in mature sperm »t 
is more likely a nonspiral, segmented structure, but preparation for elec- 
tron microscop) may ha\e produced partial disruption of the structure, 
since Gngg (79) subsequently pictured the mitochondna as a spiral The 
head membrane is continuous oxer about txxo thirds of the midpiece 
The midpiece is terminated posteriorly b) the postenor distal centnole 
xvhich is an annular structure around the axial filament, the latter con 
tinues throughout the length of the tail The axial filament contains 11 
fibnls, 2, the so called M fibnls, are small and presumably lie central to 
the 9 L fibnls xvhich adhere to one another and form a tube around the 
former, perhaps b) means of some amorphous cementing substance 
There is no helically wound surrounding fibnl such as has been de 
scribed m the tails of bull sperm, but an amorphous sheath covers the 
axial filament, it graduall) becomes thinner distall) and ends about 2 ji 
from the tip of the tail 

Besides diffenng in diameter, the L and \1 fibnls differ in their reac 
lions to reagents Gngg and Hodge (78) consider that the) maj differ 
functionally the L fibnls perhaps being the motor elements and the \f 
fibnls those responsible for excitation or conduction The L fibnls also 
differ in the tail and midpiece peptic digestion completely destroys the 
tail, leaving the L fibnls (but not M fibnls) intact in the midpiece Tryp 
tic digestion leaves cxccedmgl) fine strands which these authors believe 
max be elastic cores of the tail fibnls 

Departures from normal sperm morpholog) in freshlv shed sperm 
have not been much studied High percentages of grossly abnormal 
sperm produced b) individual cocks and associated with low Fertility 
have occasional been reported (<J, 215, 2-42), but morpholog, cal ab- 
norma ,tx ,s not comrdered to be a frequent or .mportant source of 


Minormul sperm Mere deserrbed 1.x Sbnjrlex (233) from testes and 
deferentia of dores and dose hjbnds, and bx WaUl; and Kosm 


(2*8) in turkev semen A difficulty 


in accurate evaluation of numbers 
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A smlll amount of NaF inhibits the reaction even more drastically than 
it inhibits glycol) sis (156) 

3 Molillll/ and Life Spun 

Cock sperm are motile over a rude range of temperature although 
the degree of motility diminishes as refrigerator temperatures are ap 
proached A few motile sperm may be observed at 2°C and iso a e 
mo\ement is seen e\en until the diluted semen freezes (186) I 1,0 
cooled below 2 e C the sperm regain motility unimpaired on rew arming 
(282) the) are full) motile at 18° C (186) although the vigor and speed 
of mo\ ement ma) increase under appropriate conditions to 43° C Above 
this temperature the) are lulled (80) 

Munro (186) observed that cock sperm are reversibl) immobilized at 
40° C m certain synthetic media and notably in fluid expressed from the 
upper oviduct he hypothesized that immobilization served to prolong 
the life of sperm at the oviduct temperature Fluid from the lower ova 
duct (shell gland) blood serum and seminal plasma supported motihtv 
it 40*0 Subsequent studies especially b) Gngg (80) have extended 
these observations In synthetic media either a reducing sugar or O 
helps to prevent immobilization Immobilization appeared not to be 
temperature specific under anaerobic conditions although undiluted 
semen required several hours to become quiescent at 20°C Immobilized 
sptrm could be revived bv introducing either O or a reducing sugar 
Maintenance of motihtv has additional complexities however Ogasawara 
(204) observed reversible partial immobilization at 40°C in the presence 
of O under conditions suggesting that phosphate mav be inhibitory to 
motihtv at this temperature and that traces of Mg + + and HCO 3 " mav 
help support it He also observed that in acid media (pH 5-6 approu 
match ) sperm mav become quiescent at unpredictable times and re 
cover motihtv spontancoush 1 to several hours later Gngg (80) claimed 
that sperm lose the capacitv to be reversibly immobilized 3 to 5 hours 
after bong ejaculated but many of the observations bv Ogasawara (204) 
wot made on sperm suspensions several hours old Clearly the factors 
affecting avi in sperm motility warrant further investigation 

Cock sperm tolerate a range of salt (NaCl) concentration of 0 25 to 
IV approximateh with an optimum at about 1 0^ (SO) thev also 
toll rate a wide range of pH (80 201) and are little affected immediatcb 
between pH 4-5 and 0 Washed sperm are somewhat more sensitive to 
low pH than art sptrm in diluted seminal plasma 

Mold tv is best preserved at refrigerator temperatures (82, 249) 
under favorable conditions some motihtv has persisted for 24 tlavs at 
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first day), and the number ot days to the las 
essential information These are commonly used, 
are often limited to only one or two of the para , 
analysis of percentage data, an angular transformation is best employeti 
(46 240) Gowe (70, 75) prefers to evaluate the results of insemina- 
tions by considering the duration of fertility together with the number 
of interfiles laid before the last fertile egg A statistical study of the 
relative significance of these parameters in various fertility studies would 
be desirable 

I Semen Quality and Its Evaluation 

a Freshly Ejaculated Semen Considering the fertility pattern 
described above, fertilizing capacity implies not only functional nor- 
mality of sperm but also ability of the sperm to retain functional normal 
lty for considerable periods of time Efforts have been made to assess 
fertilizing capacity by observing viability of aliquots in vitro Wheeler 
and Andrews (274) observed a seasonal variation in duration of motility 
of undiluted semen stored at 2-3° C which follows the usual seasonal 
fertility trend, and Shaffner and Andrews (251) obtained a significant 
correlation between fertility and survival time of sperm at 7°C in un 
diluted semen These investigators also found the degree of initial sperm 
motility and the level of metabolic activity as measured by meth)lene 
blue reduction time to be significantly correlated with fertility Cooper 
and Rowell (47), in a careful study of semen quality of individual cocks, 
similarly found motility and metabolic activity (here measured bv resa- 
zunn reduction time) as well as the percentage of spermatozoa stained 
by eosin in an eosin mgrosm mixture, to be highly correlated with 
fertilizing capacity These parameters accounted for 62 8 to 77 7 of 
the variation in fertility produced by their group of cocks, which 
produced 34 to 89 2% fertility by artificial insemination in groups of 
randomly selected hens Percentage stained sperm had the highest pre 
dictive value Since these parameters were themselves highly correlated, 
multiple regression analyses yielded no significant additional predictive 
value Semen pH was not correlated with fertility and neither group 
of investigators found variations in volume of ejaculate or sperm density 
to account for significant amounts of variation in fertility, howev er, since 
constant volumes were inseminated, the former would not be expected to 
have been related except in so far as total testicular activity may be 
related to sperm quality, and the latter doubtless failed to show relation- 
ship because all inseminations supplied more than a minimal number of 
viable sperm (see below) Even the significant parameters were less use- 


t fertile egg yields the 
although published data 
meters Tor biometrical 
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head tail to tail, or in chains with head or midpiece adhering) with or 
without immobilization and with or without other distortions a e 
(128) produced clumping experimentally by adding certain concentra 
Uons of Ca++, Mg ++ or tetramethylunc acid to semen, and reported 
that this condition is secondary to damage to the cytoplasmic membrane 
Grodzmski and Marchlewshi (83) demonstrated that homologous blood 
serum contains an antigen that agglutinates cock sperm m the presence 
of an agglutinogen m naturally ejaculated seminal plasma, both are heat 
labile The antigen is presumably formed only in the presence of the 
testes, since sera of hens and capons did not contain it, but that of a 
spontaneously sex reversed cock hen” did It would be interesting to 
learn whether this antigen is identical with the sperm agglutinating fac 
tor in transparent fluid mentioned above (p 367) Various heterologous 
sera also agglutinated cock sperm but many did not, apparently without 
simple relation to the phylogenetic positions or sexes of the donors (S3) 
Morphological damage is associated with loss of ability to fertilize 
Lake (128), by meticulous observation of carefully stored sperm, has 
observed that a gradually increasing distortion of the head (presumabl) 
the result of progressive cytoplasmic disruption) is associated with pro 
grcssive loss of fertilizing potential This method has not been developed, 
however, and whether the relation may have general application remains 
to be determined 

Senescence of cock sperm has been reported to be rapid when the 
pH is below 6 5 or above 8 with an optimum for maintenance of fertihz 
ing capacity at just o\er 7 (276) le higher than for motile life span 
(p 373) but about the same as the optimum for oxidative metabolism 
(p 371) The importance of spontaneous pH changes in senescence of 
undiluted semen is uncertain, however Schindler cf al (246) observed 
little or no change in pH from an initial value of 7 during 24 hours at 
10°C, but Wilcox (277) reported a decrease to 655 in 8 hours at this 
temperature, and at 25 and 40° C even more extensive changes within 
an hour 


Students of mammalian sperm have long recognized that rapid 
dulling (cold shock) is severely damaging even though the final tem 
perature, if attained more gradually, may be favorable for sperm surviv al 
Superficially, cock sperm are resistant to cold shock (231) and perhaps 
for that reason die subject has not received the attention it deserves 
Tor example, chilling warm cock semen to 0°C , by applying it m dun 
films to prechilled surfaces, has no immediately obvious effect on subse 
quent motility after re« arming although bull and ram semen would be 
completelv and permanently immobilized bv dus treatment However, 
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3 Dilution of Semen . , 

Problems of semen dilution bat e been ns closely bound up " 
of semen storage as of “extending" 

tanee of snitable diluents was recognized for bo* t l ose P P 
bull semen used in artificial insemination Yet the ratl0 "“' c ren , in 
has not been clearly stated, and this deficiency is especially PP- 
the dilution of fowl semen Since the metabolic processes and rcqu 
ments of fowl sperm are poorly understood, attempte to find a d 
capable of prolonging functional life have necessarily been a P . 

empirical The rationale of dilutions to reduce the numbers of p 
necessary for satisfactory fertilization must be even less lure, u U 
question of the minimum numbers actually necessary for optimum ter 
tility is resolved, the effects of numbers cannot be separated from 


of dilution per se _ 

a Effects on Numbers of Sperm Necessary for Fertility In tnc * 
sence of necessary information, a point of departure has been to us 
seminal plasma as an experimental diluent, assuming that it is 
“natural’ diluent and that effects of dilution per se (ic, of reduction 
of sperm density) may thus be studied independently of changes in tn 
chemical nature of the sperm’s environment Such studies ha\e been 
made with semen diluted for immediate insemination but so fir not with 
semen for storage (187, 241, 273) There is some question whether the 
above assumptions are entirely justified, plasma of semen collected b) 
the ordinary massage technique has been shown to contain extraneous 
materials that may adversely affect the life span of sperm (128) Also 
sperm do not long remain in contact with seminal plasma under condi- 
tions of natural mating so there is little reason for supposing that its 
composition is optimum for prolonged survival Munro (187) dilute 
cock semen with seminal plasma and inseminated the mixtures im- 
mediately Dilution of 1 3 resulted in a slight but definite drop in fertility, 
but further dilution, even of 1 63, caused no further drop so long as the 
number of sperm inseminated was the same On the other hand, when 
decreasing numbers of sperm were injected m equal volumes of the 
senes of dilutions, the first dilution supplied 58 X 10° sperm and resulted 
in considerably reduced fertility, the highest dilution, supplying less 
than one million sperm, produced no fertile eggs These data have led 
to the widely quoted conclusions (more categorically stated than the 
author intended) that one million sperm per insemination is a minimal 
number below which no fertility results, and one hundred million a 
minimal number for optimum fertility Weakley and Shaffner (273), 
however, observed little diminution in fertility when semen was diluted 
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preciably poorer resulls than either Tyrodc's solution or milk. 
ond trial (268) Tyrodes solution and milk gave much poorer r«“> 
in the first, and additions of glycine and/or antibiotics had incon 


Rowell and Cooper (240, 241) compared dilutions of semen in 
seminal plasma and in a hypertonic solution of glycine in distilled v. a ■ 
The latter was moderately detrimental to fertilizing capacity so tha 
study permitted a partial analysis of the factors involved in dilution. 
They concluded that dilution itself produces some damage, perhaps 
mechanical, independent of the dilution rate, and that semen of natura ) 
low fertilizing capacity is more seriously affected by dilution than is 
superior semen. Reducing the numbers of sperm per insemination ) 
increasing the dilution rate apparently affected fertility only when the 
functionally normal sperm were reduced below some as yet uncertain 
minimal number. Establishment of that number would depend on im- 
proved criteria of normality. The number of nonstaining sperm was not 
a good criterion since differences in the percentage stained could not ac- 
count for fertility differences resulting from the two diluents (see also 
268). Fertility from semen in seminal plasma was not adversely affected 
so long as 90 million sperm were inseminated, but in the glycine diluent 
at least 150 million were necessary. 

b. Storage of Diluted Semen. Use of a diluent for storage of semen 
imposes more rigid conditions than when it is to be inseminated im- 
mediately, since the sperm must remain in contact with the diluent for a 
considerable period. Yet storage should also increase the importance of 
diluents, since the “natural” medium, seminal plasma, changes in charac- 
ter with time as a result of sperm metabolism. Early efforts to prolong 
the functional life of spermatozoa were discouraging. 

Reducing respiration by sealing with liquid paraffin in an egg-white 
medium was suggested as a preservative measure (20, 21) but the effect 
was slight at best and no prolongation of motility at 2°C. was subse- 
quently obtained by use of liquid paraffin (231). Others obtained little 
or no fertility from variously diluted semen stored only a few hours, and 
the belief became current that dilution itself was damaging to mainte- 
nance of fertilizing capacity independent of its effect on motile life span. 

Perhaps the first encouraging report was made by Moravec ef at. 
(181), who obtained a number of fertile turkey eggs and hatched a few’ 
poults with semen diluted 1:100 in the S-l diluent and stored 24-72 
hours. Although the fertility level was too low for practical application, 
these results demonstrated a much greater prolongation of fertilizing 
capacity than had previously been observed. Considering that the 
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of ejaculatory duct fluid, but at least supplying osmotic balance, buffer- 
ing action and chelating or protective action against toxic ions (as is 
effected, for example, by amino acids, egg white or milk proteins), and 
in addition a nutritive substance such as fructose, (c) semen collecte 
into warm equipment, moderately diluted in the medium at semen tern 
perature and cooled slowly (eg, at 1°C a minute) to storage tempera 
ture, and (d) storage at 5°C until used Application of these techniques 
should permit reasonably successful storage up to about 24 hours, further 
advances m storage of avian semen may be expected with increased 
understanding of the physiology of sperm, especially in the oviducal 


environment 

c Low Temperature Storage Although much of the original work 
on freezing storage of sperm now widely used in artificial insemination 
of livestock, was done on fowl semen, this technique has not been de 
\ eloped to the point of practical application for domestic birds Shaffner 
et al (249) reported that cock semen frozen at — 79°C could be thawed 


with resumption of motility up to 30% if a high concentration of fructose 
had been added to the semen before freezing presumably to produce a 
partial dehydration and thus to reduce ice crystal formation Fertilizing 
capacity was almost completely lost, however, and of the few fertile 
eggs produced only one completed development and hatched 

Polge ct al (228) discovered that glycerol added m final concentra 
tion of 15 to 20 7o, permitted freezing at -79° C followed by thawnng 
with full resumption of motility, and frozen semen could even be dehy 
drated under vacuo with some resumption of motility after reconstitu 
tion Semen containing lower concentrations of glycerol was found to 
be incapable of fertihzing eggs (258) whether frozen or unfrozen, but 
this loss of fertilizing capacity was subsequently (230) shawm to be re 

Tonon w >S1S ° f the semen a S ainst Rogers solution for two hours 
at U t, before inseminating reduced the glycerol to a tolerable le\e! 
an i„ r “ t0re ?, th , e i e ' :tll,z ‘ n S ca P ac,t > Semen so treated after freeztng at 
ATiwtTi ^ 7 ° fertlllty dunn S first week after msemination 
with 717„ hatehah,l,ty of fertile eggs Prolonged storage of frozen semen 
was possible (-31), but fertilizmg capacity was gradually lost at a rate 
depending on the temperature, at -7SPC semen stored 1 week produced 

h ° ", CCU 4 *- after "■ hlch ”o fertile eggs were ob 

tamed but semen stored at the temperature of hqmd air (-182»C ) 

thle 'll h .“V'’"” fOT * l™g as 30 weeks Striking as 

nmctuTj b “ , T Ca,1 >' *0 'esels of fertility attained preclude 

S S 1™ technique ercept, perhaps for very special purposes 

such as long distance transport of special genetic lines P Various other 
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ample, and effects of some diseases may be also; some other examp 
are described in the following sections. 

A positive correlation between percentage fertility and the percen g 
hatch of fertile eggs has often been remarked (17, 188), but how muc 
of this relationship may be due to such factors as the effect of stale sperm 
in the oviduct or other sources of weakness of one gamete or the other, 
and how much to miscalling eggs with early-dead embryos infertile is 
not known. Cooper and Rowell (47) obtained a significant correlation 
with controlled inseminations under conditions where much of the varia- 
tion in fertility could be accounted for by measurable characteristics o 
the sperm; studies of this sort should be extended. 


A. Environmental Influences 
1. Seasonal Variation 

Seasonal variations in fertility have commonly been observed [chicken 
(90), turkey (221)), but these variations are the result of a complex of 
factors incompletely understood. Semen production varies with the sea- 
son, tending to be highest in the spring and at a minimum in the late sum- 
mer and fall (36, 39, 216, 217, 229, 274). Seasonal effects are more striking 
with turkeys than with chickens, although neither are affected as dras- 
tically as are most wild species. Thus, although the latter typically have 
prolonged seasons of complete testicular inactivity, chickens normally 
produce some semen throughout the year. In one trial with turkeys, 
checked at weekly intervals for 2 years, some 15% of the toms were 
producing semen continuously from the date of their maturity during the 
first winter until observations were ended in the second summer. Most 
of these birds became inactive during the first summer, however, and 
did not produce semen again until the following February' or March (39). 

Not all of the seasonal variation in fertility can be accounted for by 
failure or inadequacy of semen production', lowered percentage and/or 
shortened duration of fertility’ have been observed during summer and 
fall even with artificial insemination using constant dosage. These ob- 
servations suggest seasonal changes in the fertilizing capacity of sperm, 
in the quality of the female gametes, and/or in the oviduct environment, 
but these factors have not yet been adequately investigated. The results 
of Parker and McSpadden (217) implicated the hen in decline of fertility 
during extended egg production; fertility dropped and finally almost 
vanished toward the end of the laying year, but pullets just starting 
production were simultaneously made highly fertile with the same dos- 
age of semen from the same males. Physical' evidences of seasonal varia- 
tion of sperm quality' are limited to one report that motility' changes with 
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lion during the breeding season, although interactions with effects 0 
the hens complicated the results, especially if the environmental his ry 
of both sexes was not the same (116) Protection of the males against 
hot summer weather likewise delayed the seasonal drop m fertility ( / 

The effect of temperature specifically on the male was more clear y 
shown in an experiment (36) m which semen was examined from toms 
m different temperature environments and in which fertility was de- 
termined m hens all housed together and mated by artificial insemination 
The males maintained in an insulated house matured fastest and pro- 
duced the most semen early in the season (January and February) but 
birds penned outdoors produced more later in the spring However, 
the protected males continued to produce semen later into the summer 
and through the fall and winter in a subsequent trial (142) Fertility 
and hatchability of fertile eggs were both strikingly affected Whereas 
the fertility of eggs from hens receiving unprotected tom's semen was 
only 7% in February and never exceeded 56%. semen from protected 
toms produced 60 7o fertility initially and about 75% subsequently 
throughout the season Hatchability of the former was nil initially, rose 
to 50-75%) m midseason and dropped to 12% in July, while hatchability 
of the latter was almost constant at about 73% until June, and dropped 
only to 49% in July These differences can be accounted for only in part 


by differences in sperm concentration and then only early in the season, 
differences in sperm quality were strongly suggested, but there were no 
consistent differences m numbers of morphological abnormalities In a 
subsequent experiment on turkey males in the same environments (119), 
the rate of aerobic respiration was higher m semen from the protected 
birds than in that from birds in exposed yards 

The mechanism of temperature effects has been less investigated 
than have photoperiodic mechanisms Alterations of body temperature 
may play a role since extremes of ambient temperature are reflected 
in shifts of body temperature in birds Burrows and Kosm (36) specu- 
lated that low body temperature during the night in cold weather might 
temporarily arrest spermatogenesis “Stress” effects, whether or not 
imohing body temperatures, cannot be ruled out The onset of hot 
summer v. eather may signal the end of spermatogenesis for that season 
in turkeys (39) The present author observed that exposure of Leghorn 
cockerels for an hour to 39°C was followed by an immediate and stak- 
ing drop in semen production These birds survive this and higher 
summer temperatures without distress or appreciable effect on semen 
production if allowed to acclimatize gradually, but sudden exposure 
resulted In prostration of some birds and death of a few, semen yield 
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ing. Infertility due to failure of individual cocks to mate with certain 
hens has been demonstrated (262, 290). , 

Although the social hierarchies (peck orders) of cocks and hens en 
to he independent, in order to mate, a cock must exert a degree o 
dominance over the hens as well. Thus the dominant hens in a oc ' 
submit to mating less often than subordinate birds (84, 86, 88). One 
instance has been recorded of a group of hens that gained dominance 
over a succession of males, bullied them, and totally refused to mate 


(45). The present author has observed a similar situation in a cros - 
breeding operation where the males were of the less aggressive bree - 
Since aggressiveness is ordinarily most vigorously manifested in home 
territory and toward strangers, this situation is most strikingly develope 
when such males are introduced into a pen of hens, and may sometimes 
be avoided by introducing the hens, a few at a time, into a pen where the 


cocks are established. 

Some effects of social interactions may also be stress reactions. In- 
stances have been observed in which birds badly worsted in fight have 
reacted with drastically lowered semen production that persisted much 
longer than their injuries. Guhl et ah (84) found that, after separation 
from a dominant cock, subordinated birds do not ordinarily regain tire 
level of sexual activity they had prior to competition. They concluded 
that inferior cocks may be so conditioned as to be "psychologically 
castrated” 


Restricting matings to the afternoon has been suggested (76) on the 
assumption that cocks given the opportunity to mate all day would ex- 
haust their semen before most birds had laid (p. 362). In one test (222) 
no advantage was gained over all-day mating, but restricting mating to 
mornings did result in slightly lower fertility. How much of this effect 
may have been due to the unlaid eggs and how much to the diurnal 
rhythm of semen production (131) is uncertain. 


In turkey breeding an additional problem may be the awkwardness 
of certain males. Since bringing the hen to orgasm destroys her recep- 
tiveness for several days or weeks (see p. 356) a sexually active tom too 
awkward to make cloacal contact in a majority of his copulations may 
contribute considerably to infertility in the flock (92). 

Another source of infertility in turkey breeding flocks is inadequate 
early mating. Since turkey hens mate most readily shortly before they 
start to lay (170), high fertility may not be attained during the entire 
season unless mating has been active and effective during the prelaying 
penod. This situation may arise from male immaturity, since more at- 
tention has been paid to genetic selection for early maturity in the 
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dosage Longer insemination intervals ma) be satisfactory in some floe 
at certain times of the year, toward the end of the breeding season, 
however, they should be shorter than suggested above 

Cocks or toms should be penned separately from hens at least - or 
3 days before collecting semen in order to obtain the maximum quanti 
ties They should be handled at regular intervals, semen yields from 
turkeys are maximal if the toms are handled at least once and no more 
than 3 times a week (151, 152, 166) The damaging effect of moderate 
temperature shock has been established only for semen subsequent!) 
stored several hours, nevertheless, until better information is available, 
collection of semen in prewarmed glassware is recommended Semen 
should be used withm a few minutes after collection if possible, if a 
short delay is imperative the semen should be cooled slowly toward 10~ 
15° C during the holding period longer delays should involve the dilu- 
tion and storage techniques discussed on page 381 Collections (131) 
and inseminations (219) are both most successful if made in the after 
noon 

Fundamentally, A I does nothing more than control the level of mat 
ing its use should thus be most successful where fertility is low because 
of a deficiency of natural mating Broad Breasted Bronze turke)S, es 
pecially, seem to be prone to inadequate mating and A I has been most 
frequently used commerciall) with this breed If reproductive failure 
has some completely independent cause, such as excessive inbreeding 
or other adverse genetic background mtercurrent disease, severe nutri 
tional deficiency or perhaps photorefractonness, A I may be expected to 
fail completely On the other hand these conditions often limit mating 
activity also In this event A I may improve fertility considerably al 
though not as much as expected, and often at the expense of excessn e 
embryo mortality If the source of a reproductive deficiency is unknown 
the results of a test insemination together with examination of semen 
and of the pattern of embrj o mortality, may point to the cause Artificial 
insemination is often most fruitfully used in this manner 
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troejaculation, 62 

daily production of spermatozoa by, 
dilution and storage of semen, 108-113 



SUBJECT INDEX 


429 


ffect of 

adrenocorticotropm on spermato- 
genesis, 249 

ambient temperature on semen, 233 
castration on seminal plasma, 62 
collection frequency on libido, 81-83 
collection frequency on spermato- 
genesis, 82 

energy deficiency on semen, 77-79 , 
210-211 

exercise on fertility, 85, 234 
exercise on libido, 84-85 
bigh temperature on semen, 233 
LH on accessory glands, 77 
overuse on fertility, 82-83 
protein intake on spermatogenesis, 
211-212 

psychic factors on libido, 85-88 
restraint before collection on fertility 
and semen production, 81 
temperature on spermatogenesis, 84 
thyroprotein on fertility, 248 
thyroxine on libido, 77 
transport on fertility, 85 
varying stimuli on libido, 86-87 
vitamin A deficiency on testis, 213- 
214 

energy allowance for, 212 
freezing semen of, 120-125 
bnpotcntm coeundi, 246 
inhibition of libido in, 87 
niating behavior of, 99 
minimum number of sperm for fertili- 
ty, 109 

Preparation of artificial vagina for 
semen collection, 98 
Prepuhcral development of testis, 38 
protein allowance for, 212 
seasonal changes in libido of, 84 
seasonal effects on fertility, 84, 233 
*«*nc*i of, 59 03 
*einen collection from, 97-102 
qxrnnatogcmc cycle in, 11-13 
*pcniiatogonnl renewal in, 17- 18^ 
trichomoniasis control in, 294-295 
onjbilital hernia in, 215 
'olumo of ejaculate, 59 

^k-iutn 

d<T<*iUon in fetus, 175-170, 151-185 


estrogen and blood level in chicken, 
313-314 

milk fever and, 194 
relation to serum vitellin in chicken, 
313 

requirement during pregnancy 

in cattle, 175-176 
in sow, 186 
Calcium deficiency 
effect on 

fertility, 192 
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anovulation in, 252-253 
anterior pituitary changes in low- 
fertihty, 253 

artificial insemination of, 96-97, 137- 
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symptoms of, 283 
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Equine virus abortion, 285-287 
control of, 286-287 

etiological relationship to equine in- 
fluenza, 285-280 
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symptoms of, 286 
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function of, 57 
in seminal plasma of boar, 50 
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Estrogens 
effect on 
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embryonic development of oviduct, 
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effect of 
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protein deficiency on, 205 
temperature in goats, 232 
vitamin A deficiency on, 208 
inherent rhythmic mechanism in sheep, 
230 
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detection of 
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effect of 
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phosphorus deficiency on, 207 
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thyroidectomy in cow, 255 
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artificial insemination of, 145-149 
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detection of cstrus in, 145-158 
effect of 

calcium deficiency during preg- 
nancy, 193-194 

multiple insemination on fertility m 
ewe, 150 
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enzootic abortion in, 287 
estrus during pregnancy, 150 
numbers bred artificially, 97 
seasonal changes in fertility, 256 
site of deposition of semen, 148-149 
sperm numbers for optimum fertility, 
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thyroid hormone secretion rate during 
pregnancy and lactation, 255 
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234 
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Feathers 
effect of 

androgen on, 346-347 
estrogen on, 347 
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factors m cock affecting, 383-390 
Female reproductive organs, see also in- 
dividual organs 
effect of 

energy deficiency on, 203-205 
malnutrition on, 203-209 
protein deficiency on, 205-206 
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abnormal spermatogenesis in cock and 
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Al techniques in cows and, 137-145 
anatomical factors affecting 
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diurnal variation in chicken, 388 
effect of 

antibiotics on, 109-111 
artificial insemination in turkey, 
332-333, 390 

breeding frequency in bull, 100-101 
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fore artificial insemination, 183 
citrate concentration on. 111 
copper on, 196-197 
cryptorchidism on, 245 
dilution of ram semen on, 149 
egg in uterus of hen at insemina- 
tion time on, 362 
energy deficiency on, 205 
exercise in bull on, 85, 234 
heating milk for semen dilution on, 
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hypothyroidism m cock on, 348-349 
light in cattle on, 232 
male awkwardness m turkey on, 
388-389 

mating behavior in turkey on, 332- 
333, 350 

mating time In hen, 333 
mating with low fertility bulls on, 
250 

mixing semen from several males on, 
163 

number o£ sperm m sow on, VlS, 
156 

nutrition in cock on, 383 
nutation in stallion on, 80 
nutation in turkey on, 383 
overfeeding on, 205 
overuse of bull on, 82-83 
parturition breeding interval on, 256 
phosphorus deficiency on, 194 
phosphorus deficiency in cattle on, 
. 206-207 
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on, 377 

restraint before collection of semen 
in bull on, 81 

semen dilution in cock on, 379-380 
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site of semen deposition m cow on, 
140 

social structure of chicken flocks on, 
387-389 

storage of semen on, 113, 377 
stress on cock, 383-384 
temperature on ram, 89, 231 
temperature on turkey, 385-387 
thyroprotem on bull, 248 
transport of bull on, 85 
volume of semen in artificially bred 
cow on, 142 

volume of semen m artificially bred 
sow on, 156 

embryonic mortality and, 249-251 
fertilization rate and, 249 
of frozen semen, 124-125, 382 
and fructolysis of semen, 57, 118 
hyaluromdase concentration and, 118 
inheritance of 
m chickens, 387 
m turkeys, 387 

minimum number of sperm required 
in cow, for, 143 

optimum postpartum period in cows 
and, 256 

optimum time during estrus and, 256- 
257 

physiological factors affecting, 247- 
251, 252-259 
relation, to 

adrenal gland in bull, 248 
age of ovum m cows, 257 
light reflecting capacity of sperma- 
tozoa, 119 

social dominance of cocks, 387 
sperm morphology in cock, 375 
time of insemination in cows, 143- 
145 

In “repeat breeder” cow s, 257 
respirator) response to pv ru\ ale and, 
119 

se isonal effects 
in bull. 233 
in cock, 381-387 
in cow, 232 
in twe, 229-231,250 
in float, 231 
in marc, 235 
In ram, 231 


m stallion, 236 
in swine, 234 
in turkey, 384 

semen quality tests and, 117-119 
spermatozoa numbers required for hen, 
378-379 
Fertility, low 

anterior pituitary and, 249, 253 
fat deposits around genital organs 3S 
cause in cow, 252 
in female, 251-259 
m male, 243-251 
temperature as a cause, 247 
treatment with thyroid materials, 248 
vibriosis and, 279 
Fertility of semen 

comparison of milk and egg yolk and 
milk as diluents, 112 
duration in oviduct 
of goose, 331 
of hen, 331, 363-365 
of turkey hen, 331, 364 
effect of antibiotics on, 115 
Fertilization 

and fertility rate, 249-250 
m low-ferblity sows, 258 
minimum number of sperm necessary 
in cow, 109 
site in hen, 363 

Fetal membranes, relation to size of 
fetus, 189 
Fetus 

atrophy of, genetic causes, 258-259 
calcium deposition in, 175-176, 184 
copper storage m, 196-197 
effect of 

energy deficiency on development 
of, 190-191 

energy deficiency on organ size of. 
190-191 

malnutrition on development of. 
188-203 

protein deficiency on, 191-192 
rubella infection on developmental 
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vaccination for blue longue on <!e* 
vclopmcnt of, 290 
vitamin \ deficiency on, 109 
factors affecting nutrition of, 189 
fungi affecting. 300 
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heat production in, 180 
hemoglobin level in iron deficiency, 
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iron deposition in, 176 
location of gonocytes in, 2 
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oxygen consumption of, 180-181 
phosphorus deposition in, 175-176, 184 
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sexual differentiation of gonads in bo- 
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sexual differentiation of gonads in 
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Folic acid, effect on response of chicle 
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f-olhclc stimulating hormone effect on 
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role in ovulation In chicl.cn 319 
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gtmlic hails of 243 
genetic set of 243 
mascul miration In, 243 
h* pigs. 243 
theory of cause, 243 
Hrerc-dryiuguf semen, 120 
Inaltdysif 

n’aUn to frrtil t>, lib 
in vmen, 37*38 
fnn.t Z\m% inJc*. US 
true* 

•*;r *br» \ resell in e,*culate if bull, 
70 

In (,«.li wrenru, 360 
tt* n i ii wrn p'uisa 33 


effect of 

energy deficiency on semen concen- 
tration of, 210-211 
vasectomy on concentration in 
semen, 88 

utilization by cock spermatozoa, 371 
Fungi affecting placenta 300 

G 

Gametogenesis see Oogenesis and Sper- 
matogenesis 
Gander 

phallus of, 352 

semen collection technique for, 360- 
381 

Ccmtal organs, see also Male and Fe- 
male reproductive organs 
acquired anomalies of female, 252 
anatomical factors and infertility, 244- 
246 251-252 

developmental anomabes of female, 
251 

fat deposits around, causing infertility 
in cow, 252 
Gestation 

cstrus during, in cow, 140 
thyroid activity in sheep during, 255 
Gly ccrol 

concentration for freezing bull semen, 
120-121 
effect on 

fertility of bull semen. 111 
fertility of frozen bull semen. 111 
Cly eery Iphosphory Icholine, content io 
seminal plasma, 54 
Cly cosidascs, in seminal plasma, 57 
Goat 

artificial insemination of, 145-149 
chemical composition of semen from, 
70 

effect of 

environment on reproduction 
231-232 

light on citrous cy cle in, 232 
temperature on cstrous cycle in, 232 
pseu ilol ie rmapliroditis m in, 243 
sexual season of, 231 
Go tir 193, see cho Hypothyroidism 
Conadotnipins, see aha 1-olhclc stunu- 
latin; hormone and Luteinizing hor- 
mone 



SUBJECT INDEX 


437 


Gonadotropins 

concentration in mammalian pituitary, 
77 

effect of 

energy deficiency on secretion of, 
77, 209 

estrogen on secretion in cock, 347 
prolonged treatment of cock with, 
344 

vitamin A deficiency on secretion of, 
213 
effect on 

comb growth of cock, 310 
ovary of hen, 310, 318-319 
testis of cock, 344 
yolk deposition in fowl, 317-320 
follicle stimulating-luteinizing hor- 
mone balance in chicken, 319 
role in initiating puberty, 76 
species sensitivity to, 77 
Gonads 

anatomy in chicken, 308 310 
effect of 

androgen on development in chick- 
en, 307 

estrogen in cock on, 307 
embryonic development in chicken, 
306-308 

inversion of, 243 
refractory period in birds, 351 
sexual differentiation in fetus, 35 
Gonocytes, location in fetus, 2 
Goose, duration of fertility, 331 

H 

Heat production 
during pregnancy, 177-181 
by sheep fetus, 180 

Hemoglobin, influence of estrogen in 
chicken on, 312 
Hen, see oho Chicken 

artificial insemination technique m, 
359-300 
t fleet of 

adrenalectomy on gonad of, 309 
chicken pox \accmation on parthen- 
ogenesis in, 322 

egg In uterus on futility following 
insemination in, 302 


estrogen on development of right 
gonad in, 308-309 
gonadotropin on follicle in, 310 
progesterone on egg production m, 
317 

fertilization site in, 363 
function of infundibulum in, 324 
functions of oviduct in, 324-331 
mating behavior of, 355-356 
ovarian follicle of, 310 
ovary of, 306-310 

role of oviduct in opposition in, 327- 
329 

shell gland of, 329-330, 359 
spermatozoa transport rate m oviduct 
of, 361-362 

sperm fertility duration following 
breeding in, 363-364 
storage of spermatozoa in oviduct of, 
362-363 

uterus of, see Shell gland 
vagina of, 329 
‘ water bellies” in, 323 
yolk deposition in ovum of, 317-320 
Hernia, inguinal, m bull, 245 
Hernia, umbilical 
in cattle, 245 

hereditary nature m cattle, 245 
Hooker-Forbes test, 315 
Horse, see also Mare and Stallion 
dounne infection of, 290-292 
effect of 

Brucella abortus on, 268 
bght on reproduction m, 235-236 
Hyaluronidase, fertility and, 118 
Hydrosalpinx, 299 

Hymen, persistence in white heifer dis- 
ease, 251 
Hyperthyroidism 
effect on 

egg production, 320 
spermatogenesis in cock, 320, 348- 
349 

sperm ato genesis in ram, 90 
testis of cock, 320 
I ly popliy scctomy 
effect on 

blood lipids, 311 
sex differentiation in chick, 303 
Hypoplasia, munan, genetic bails, 251 
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Hypoplasia, tesUcular, genetic basis, 244 
Hypothalamus, release of luteinizing 
hormone and, 310 
Hypothyroidism, 198 
effect on 

tstrogcn-induced lipemia in blood, 

313 

fertility of ram, 248 
gonads in chicken, 309 
spermatogenesis in cock, 348 

I 

Implantation, delayed 
effect of light on, 227 
prolactin secretion and, 227 
Impotcncy, 247 
Impotcntkr cocuiidi 
definition of, 240 
endoenne basis, 247 
hereditary nature of, 246 
Infertility, see also Fertility, Fertility, 
low and Stinlity 
endocrine imbalance as cause, 247 
seasonal In rams, 247 
Mluiosls and, 279 
Infundibulum, function in hen 324 
Inheritance, effect of deoxyribonucleic 
add administration in ducks, 321 
Inhibition of libido in bull, 87 
Inositol content in boar semen, 56 
Interscs 

cattle, 242 243 
definition of, 242 

Interstitial cells, development of, in 
cock, 70 

Intromittent organ 
of cock, 351-352 
of drake, 3S2 
of gander, 35 
of turkey, 352 
lodmc deficiency, 193 
Iron 

deposition of 

ia bovine fetus, 177 
durEis; pregnancy in sow, 1S3-1S5, 
1ST 

of 

intake v( jru.tLrr on storage in off- 
spring. 135-106 


parenteral administration on storage 
in offspring, 196 
liver storage of, 193 
Iron deficiency, 194-196 

effect on hemoglobin level in feta 
blood, 195 
in rats, 194-193 
Isthmus, function of, 325 

L 

Lactation, thyroid secretion in ewe dur- 
ing, 255 
Leptospira 

healthy earners of, 274 
morphology of, 273 
placental barrier to, 276 
survival outside host, 274 
in unne, 275 
Leptospira pomona 
isolation of, 274 
reproductive failure and, 274 
Leptospirosis, 273-278 
control of, 277-278 
diagnosis of, 276-277 
etiology of, 273-274 
incidence of abortion caused by, 275 
mechanism of abortion due to, 276 
mortality from, 275 
symptoms of, 274-276 
transmission of, 274-275 
vaccination for, 278 
Libido, 75-93 
in boars, 88-89 
in cock, 355 
effect of 

age of boar on, 88 
androgen in cock on, 340 
collection frequency in bull on, 81- 
83 

day-length in ram on, 89 
dummy teaser in stallion on, SO 
exercise in bull on, 61-85 
inbreeding in boars on, 83 
light in rams on, 229 
multiple stimuli in bull on, 86-37 
multiple teasers In bull on, 87 
season in rain on, 89 00 
temperature in ram on. 89 
thyroid hormone on, 77, 213 
vasectomy on. 1S3 
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factors affecting, 80-90 
inheritance of, in bull, 81 
inhibition of, in bull, 87 
psychic factors and, 85-88 
seasonal changes in bull of, 84 
Light 
effect of 

age on response in cow to, 232 
amount on estrus, 226 
day-length on libido of ram, 89 
day-length on semen of bull, 84 
light-dark pattern on cycle in sheep, 
230 
effect on 

anestrous mares, 235 
coat shedding in cattle, 233 
delayed implantation, 227 
estrous cycle m goat, 232 
fertility m cow, 232 
libido of ram, 229 
onset of estrus, 225 
reproduction in mare, 235-236 
reproduction in swine, 234 
semen of rams, 231 
semen in stallion, 80, 236 
sexual season in birds, 354 
sexual season m rabbit, 236 
sexual season in sheep, 229-230 
role in oviposition, 330 
Lipids 

deposition in yolk, 318 
of spermatozoa, 53-54 
Liptmia, effect of thyroid hormone in 
chicken on, 311-312 
Liitcna monocytogenes, 281 
Listeriosis, 281-283 
control of, 283 
diagnosis of, 283 
etiology of, 281 
symptoms of, 281-283 
transmission of, 282 
transmission to man, 283 
Luteinixin* hormone 

action on accessory glands in bull, 77 
cifctl on testis of cock. 31 1 
hspclhalanms am! release of, 310 
n>U* in ovulation in chicken, 319 
threshold stimulus fur release of, 310 


M 

Magnum, function of, 324-325 
Male reproductive organs, see also in- 
dividual organs 
of cock, 349-353 
effect of 

energy deficiency on, 209-211 
protein deficiency on, 211-212 
puberal development in cock, 344-345 
of turkey, 352 

Male sex hormone, see Androgens and 
individual compounds 
Malnutrition 
effect on 

development of fetus, 188-203 
female reproductive organs, 203-209 
viability of offspring, 188-203 
Mammary gland 
Brucella m, 269 

energy deposition during pregnancy, 
181 

nitrogen deposition during pregnancy, 
171 

Manchette, 25-27, 370 
Manganese, estrogen and chicken blood 
content of, 312 
Manganese deficiency, 198 
effect on 

reproduction in swine, 207-208 
testis, 213 
Mare 

artificial insemination of, 97, 157-160 
breeding intervals during estrus of, 
160 

light and sexual season of, 235 
spermatozoa numbers for optimum 
fertility in, 159 

spermatozoa \ lability in reproductive 
tract of, 160 
Mating behauor 
effect of 

androgens in cock on, 310 
estrogens in chicken on, 331-332 
vasectomy on, 88 
factors affecting in chicken, 310 
Mating behavior characteristics 
of boar, 88 
of hull, 99 

of chicken, 331-330, 131-350 
of turlc) . 332-333. 350 
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Meat spots 

chemical composition of, 326 
in eggs of buds, 326 
factors affecting incidence of, 326-327 
Mciosis 

genetic consequences of, 21-22 
index of, 21 
phases of, 19-21 

spennatogeme consequences, 21-22 
Methylene blue reduction test, 59 
relation to fertility in cock semen, 374 
MttriUs, 298 
Midpiccc, 31-32 

chemical composition of, 52 
of cock spermatozoa, 369 
Milk as bull sperm dilutor, 111-112 
Milk fe\cr, effect of Ca intake on, 194 
Minerals, see also individual minerals 
Mineral deficiencies during pregnancy, 
192-198 

Mitosis, spcrmatogomal, 18 

Molt, effect of progesterone on, 317 

Molybdenum, relation to copper, 197 

Motility 

and fmctol) sis ui semen, 57 
pH effect on cock spermatozoa, 372 
Mullerian duct, estrogen effect m chick- 
en on, 311 

N 

Neural stimuli and parthenogenesis in 
turkey i. 322 

Nwrarbazin and vitellus permeability, 318 
Nitrogen balance during pregnancy, 170- 
171. Ib2 

Nitrogen deposition during pregnancy 
in cow. 171-174 
in sow, 183-151 
Nutrition, ice clio Malnutrition 
effect of 

energy deficiency on spermatogene- 
sis in bull. 77 

ftevLng lei el on semen production 
in mature bulls, 75*79 
protein d*£tic*>cy during pregnancy, 
191-192 
effect oa 

frttu-tv c4 SO 

g>«is*k4rT>p-o vttrtKn, 77 


onset of spermatogenesis in bulls, 77 
semen of ram, 89 
energy requirement 

for fetal growth, 177-182 
for pregnancy m sow, 187-188 
factors affecting fetal, 189 
mineral requirements for pregnancy in 
cattle, 175-176 

Nutrition and reproduction, 169-223 
Nymphomania 

adrenal vinlism and, 254 
blood globulin levels in, 255 
in cows, 253-255 
endocrine changes in cow, 254 
pituitary histology in cow, 254 255 
theory of cause, 254 
treatment in cattle, 255 

o 

Oogenesis, in chicken, 320-322 
Ovarian follicle 
of hen, 310 

regression in pheasant, 310 
role in opposition, 330 
sbgma of, 310 
Ovaritis, 299 
Ovary 

anatomy in chicken, 308-310 
effect of 

gonadotropin m hen on, 310 
thyroid hormone on, 320 
progesterone content in chicken, 315 
Ovary, cystic 

licntabibty in cow s, 254 
incidence in cow, 253 
time of development, 253 
Overfeeding effect on fertility, 205 
Oviduct 

abnormality Incidence m cow, 252 
effect of 

estrogen on embryonic development 
of, 323-324 

c strogen progesterone ratio on secre- 
tion by. 317 

folic acid on response to estrogen 
of, 323-324 

vitamin B, , on response to estrogen 
of, 323 

i ml >rv wuc development Jn chicken, 

322-024 
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isthmus of, 325 
magnum of, 324-325 
obstruction of, causing sterility, 252 
physiological functions m hen, 324-331 
role in egg formation, 324-327 
role in oviposition m hen, 327-329 
role in ovulation in hen, 330-331 
spermatozoa nests in, 331, 362-363 
Oviposition, 327-329 
effect of 

acetylcholine on, 329 
posterior pituitary hormones on, 
327-328 

relation to ovulation in hen, 329-330 
role of autonomic nervous system in, 
329 

role of light on, 330 
role of vagina on, 329 
Ovotestis 

development from right gonad m hen, 
308 

in estrogen treated chicks, 307 
Ovulation 
effect of 

energy deficiency on, 204 
oviduct on, 330-331 
regulation in chicken, 330-331 
relation to oviposition in hen, 329-330 
role of gonadotropins m chicken on, 
318-319 

time of, in sow, 156 

Ovulation inducing hormone, effect of, 
progesterone on release of, 315 
Ovulatory cycle, effect of progestms in 
chicken on, 315 
Ovum 

deposition of yolk m, 317-320 
effect of age 

on embryonic mortality in cows, 257 
on fertility in cows, 257 
fertilization rate in “repeat breeder*' 
cows, 257 

Oxytocin, relation to artificial insemina- 
tion, 162 

P 

Pantothenic acid, deficiency of, 202 
Parathyroid gland and blood calcium m 
chickens, 311 
Parathyroidectomy 
blood calcium in chickens and, 314 


influence of estrogen on blood calcium 
after, 314 
Parthenogenesis 
in chickens, 312-322 
chicken pox vaccination in hen and, 
322 

neural stimuli and, 322 
polar bodies and, 322 
sex of embryo, 322 
m turkeys, 321-322 

Parturition, effect of calcium deficiency 
on, 193 
Pheasant 

artificial insemination technique for, 
360 

regression of follicles in, 310 
secondary sex characters of, 346 
Phosphatases, in seminal plasma, 57 
Phosphorus 

deposition in fetus, 175-176, 185-187 
effect of estrogen on blood level m 
chicken, 312 
pregnancy requirement 
in cow, 175-177 
in sow, 186 

in semen, 60-62, 64, 66, 68, 69, 367 
Phosphorus deficiency 
effect on 

fertility, 194, 206-207 
testis, 212 

Phosphorylation, thyroxine and, 312 
Phosphorylchohne, m seminal plasma, 55 
Photopenodism, see also Light 
definition of, 226 
effect of domestication on, 226 
effect on fertility of cock, 385 
Pig, see also Sow and Boar 
edema in newborn, 290 
Pigeon 

artificial insemination technique for, 
360 

effect of 

progesterone on broody behavior m» 
335 

progesterone on reproductive cjcle 
in, 316 

Pigeon milk, prolactin and, 316 
Pigment, m shell gland, 325 
Pituitary, anterior 

cjsts in vitamin A deficient rams, 21 1 
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histology of 

in fertile cows, 253 
m nymphomania cows, 254-2 5o 
Pituitary extract u treating nympho- 
mania, 255 

Pituitary, posterior, see also individual 
hormones of 

role in opposition, 327-328 
Placenta 

barrier to leptospira, 276 
fungi affecting, 300 
retained, 298 

Poll evil, Brucella abortus and, 268 
Pregnancy 

basal metabolic rate 
in cow during, 178 
in sow during, 187-188 
calcium requirement 
of cattle, YJ5-Y18 
of sow, 186 

copper storage during, 196-197 
effect of 

calcium deficiency on, 192-194 
maternal iron intake on storage in 
joung, 195-196 

energy deposition during, 179, 180 
energy requirement of sow dunng, 
187-188 

heat increment of, 178 
heat production dunng, 177-182 
iron deposition in sow during, 184- 
185, 187 

manifestations of estius 
in cow dunng, 140 
in ewe dunng, 150 

mineral requirements in cow dunng, 

175-177 

nitrogen balance dunng, 170-171, 182 
nitrogen deposition dunng 
in cow, 171-174 
in sow, 182-185 

nitrogen metabolism m cow dunne 
171 

phosphorus requirement 
in cow dunng. 175-176 
in sow during, ISO 

effect of protein deficiency dunng, 
191-192 

protein deposition in reproductive or- 
gans during, 171 


protein requirement 
in cow dunng, 173-175 
m sow during, 182-185 
toxemia of, 191, 194 
utenne weight change in cow dunng, 
171 

Pnmordial germ cells, 2 

migration m chicken embryo, 306 
Progesterone 
effect on 

egg production m chickens, 317 
embryonic mortality in cows, 258 
mating behavior in chicken, 332 
molt, 317 

ovulation inducing hormone release, 
315 

reproductive cycle m pigeon, 316 
secretion by oviduct in chicken, 317 
effect on broodiness 
in chicken, 335 
in pigeon, 335 
m turkey, 316, 335 
Hooker Forbes test for, 315 
ovarian content m chicken, 315 
physiological effects in chicken, 315- 
317 

Progestin, effect on ovulatory cycle in 
chicken, 315 
Prolactin 

and broodmess, 334-335 
delayed implantation and, 227 
effect on crop gland of pigeon, 316 
and pigeon milk, 316 
Protein 

deposition in reproductive organs dur- 
ing pregnancy, 171 

effect on spermatogenesis in bull, 211" 
212 

recommended allowance for bulls, 212 
Protein deficiency 
effect on 

birthw eight of lambs, 191-192 
embryonic mortality, 191 
female reproductive organs, 205-206 
fetus, 191-192 

male reproductive organs, 211-212 
sow dunng pregnancy, 192 
Protein requirement 
for fetal growth, 170-175 
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for pregnancy 
in cow, 173-175 
in sow, 182-185 

Protozoan diseases, see Diseases, proto- 
zoan 

Pseudohermaphroditism, in goats, 243 
Puberty 
age of 

boar at, 79-80 
bull at, 79 
ram at, 80 
stallion at, 79 
effect of 

energy deficiency on onset, 204 
nutrition on, 76-78 
factors affecting onset, 75-79 
hormonal factors and, 76 
role of gonadotropins in initiating, 70 
Pyometra, 298 

R 

Rabbit 

chemical composition of semen in, 70 
chromosome number in, 14 
effect of 

light on sexual season in, 236 
social stimuli on reproduction in, 
237 

temperature on sexual season in, 236 
vitamin A deficiency in, 199 
estrus in, 237 
sexual season of, 236-237 
spermatogemc cycle of, 40 
vitamin K deficiency in, 201 
Radioactive isotopes as measure of dura- 
tion of spermatogenesis, 40-43 

Ram 

age at puberty, 80 
artificial vagina for, 105 
chemical composition of semen in, 65- 
67 

chromosome number in, 14 
daily production of spermatozoa by, 
46 

dilution of semen from, 115-116 
effect of 

dilution on fertility of semen from, 
149 

hyperthyroidism on spermatogenesis 
in, 90 

light on libido in, 229 


light on semen quality of, 231 
nutrition on spermatogenesis in, 89 
temperature on fertility in, 89-90 
temperature on spermatozoa of, 89, 
231 

thiouracil on fertility in, 248 
thyroxine on spermatogenesis in, 77 
vitamin A deficiency on testis of, 
214 

electrical method for semen collection 
in, 105 

enzymes in semen from, 06 
epididymitis m, 283-284 
freezing semen of, 120 
influence on estrus induction in ewes, 
231 

prepuberal development of testis m, 38 
seasonal changes m fertility in, 247 
seasonal changes in libido of, 89 
seasonal effects on spermatogenesis in, 
89-90 

semen collection from, 105 
spermatogemc cycle in, 40-41 
spermatogomal renewal w, 14-17 
storage temperature for semen of, 110 
teaser animal for semen collection in, 
105 

volume of ejaculate in, 65, 107 
Rat 

anemia caused by maternal iron de- 
ficiency in, 194 
effect of 

protein deficiency on reproductive 
organs of, 205 

riboflavin deficiency on reproduc- 
tion in, 202 

vitamin A deficiency on reproduc- 
tion in, 199 

vitamin B 12 deficiency on reproduc- 
tion in, 203 

spermatogemc cycle of, 39 
vitamin E deficiency in, 201 
Reproduction 
effect of 

environment of cow on, 232-234 
environmental factors other thin nu- 
trition on, 225-2-40 
leptaspira pomona on, 274 
socn! stimuli on, 228 
social stimuli m rabbit on, 237 
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social stimuli in swine on, 234 
temperature on, 227-228 
temperature on, in swme, 234 
vitamin A deficiency on» 199-201 
vitamin K deficiency on, 201 
inf ectious diseases and, 265-303 
nutritional requirements for, 169-223 
vitamin B complex and, 202-203 
Reproductive organs, protein deposition 
during pregnancy, 171 
Respiration of spermatozoa, 58-59, 371- 
373 

Riboflavin, effect of estrogen and proges- 
terone on secretion of, 317 
Riboflavin deficiency, 202 
Rubella, effect on fetal development, 289 

S 

Salmonella abortivoequina, 285 
Salpingitis, 299 
Season 
effect on 

embryonic mortality in swme, 234 
fertility m bulls, 233 
fertility in ewe, 256 
fertility m swine, 234 
libido of bull, 84 
semen in stallion, 230 
spermatogenesis in ram, 89-90 
Secondary sex characters 
of cock, 345-347 
of pheasant, 340 
of turkey, 346 

Semen, 51-73, see also Spermatogenesis, 
Spermatozoa and Seminal plasma 
agglutination in cock, 367 
antibiotics and, 122-123 
of birds, 360-382 
of boar 

effect of antibiotics on, 1 15 
optimum temperature storage for, 

of bull 

freezing of, 120-125 
causes of damage during freezing, 120 
characteristics of 
in Ixur, 107 
in bull. 59-63, 107 
in dog, 107 
in rani, 107 
in stallion. 03-03. 107 


chemical composition of, 51-73 
in boar, 67-70 
m bull, 60-61 
in cock, 71, 366-367 
in dog, 70 
in goat, 70 
in rabbit, 70 
m ram, 65 67 
in stallion, 62-64 
in turkey, 71 

citnc acid appearance in bull, 62 
criteria for evaluation, 117-H9 
concentration of sperm, 117 
froctolysis index, 118 
impedance change frequency, 119 
live-dead stains, 117-118 
morphological abnormalities, 117- 
118 

motility, 117-118 
deep freezing of, 96-97, 119-126 
dilution of, 106-117 
in boar, 115 
in bull, 108-113 
in cock, 378-383 
us staUson, 114 
and viability, 100, 108 
effect of 

ambient temperature m bull on, 233 
dilution on fertility in ram, HO, 149 
electrolyte concentration on viabil- 
ity, HI 

energy deficiency in bull on, 78 
glj ccrol on fertility. 111 
high temperature in bull on, 233 
light on stallion, 80, 230 
osmotic pressure on viability. 111 
pH on viability. 111 
removal of gel on fertility in boar, 
115 

restraint on production by bull, 81 
storage on fertility, 113 
volume on fertility in boar, 156 
enzymes in ram, 66 
freeze-drying of, 120 
freezing of 
in "boar, 125 
in bull, 120-125 

effect of diluents containing sugar, 

123-124 

effect on trichomonas fetus in bull, 
123 
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equilibration period for bull, 121- 
122 

diluents for stallion, 125 
method for bull, 120 
method for ram, 126 
method for stallion, 125 
optimum glycerol concentration for 
bull, 111, 120-121 

fructolysis in relation to motility and 
fertility, 57-58 

Illini variable temperature (IVT) di- 
lutor, 113 

inorganic constituents in cock, 367 
metabolism of, 57-59, 371-372 
room temperature storage of, 113 
site of deposition 
in bitch, 161 
in cow, 139-140 
in ewe, 148-149 
in sow, 151, 154-155 
spermatozoa concentration 
in boar, 67, 107 
in bull, 59, 107 
in cock, 70, 360 
in dog, 70, 106-107 
in rabbit, 70 
in ram, 65, 107 
in stallion, 63, 107 
in turkey, 70, 366 
storage of, 106-117 
from boar, 114-115 
from cock, 380-382 
from dog, 116-117 
from ram, 115-116 
from stallion, 114 
temperature shock, 108 
transparent fluid of, in cock, 358 
volume of ejaculate 
in boar, 67 
In bull, 59 
in cock, 360 
in dog, 106 
in ram, 05 
in stallion, 6-1 
In tom turkey, 300 
\olume for Insemination 
in bitch, 101 
in cow, 141-1 12 
in ewe, 14S-119 
in hen, 37S 


in mare, 159 
m sow, 155-156 
m turkey hen, 379 
Semen collection, 97-105, 357-359 
electrical method 
in bull, 101-102 
m ram, 101-105 
equipment for 
in boar, 103-104 
in bull, 97-98 
in ram, 105 
in stallion, 102-103 
fertility following electrical collection 
m bull, 102 
methods for 
in boar, 104-105 
m bull, 98-102 
in cock, 357-358 
in cock pheasant, 360 
m dog, 106 
m gander, 360-361 
in ram, 105 
in stallion, 103 
in tom turkey, 358-359 
optimum frequency m bull, 100-101 
restraint of bull for electrical collec- 
tion, 101 
teasers used 
for bull, 99-100 
for ram, 105 

teasing of bull prior to, 98 
training the boar to use dummy, 104 
venereal disease and, 99-100 
Semen diluents 

antibiotic additives for, 109-111 

for boar, 1 14 

for bull, 108-109 

for cock, 379-380 

for dog, 116-117 

effect of 

heating milk on fertility, 111-112 
solids not fat in milk, 111-112 
effect on fertility of cock spermatozoa, 

379-3S0 

egg jolk-nulk combinations, 112 
glucose-citratc-saline-nnlk for cock, 
3S1 

mill, 1 OS-109 
Milov anov's, 379 

preservation of semen by, 106-103 
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properties of, 106, 108, 379 
for ram, 115-116 
skim milk powder, 112 
for stallion, 114 
and temperature shock, 108 
for turkey, 379 
whole egg, 109 
yolk citrate, 108 
yolk glycine, 108 
yolk phosphate, 108 
Semen extenders, see Semen diluents 
Semen, frozen, see also Semen, freezing 
of 

disease organisms in, 122-123 
fertility of, 124-125 
mechanical refrigeration for storage, 

124 

sperm numbers for cows, 143 
storage containers for, 124 
storage m liquid nitrogen, 124 
storage temperature, 123-124 
Semen quality 

effect of restraining bull before collec- 
tion on, 81 

evaluation in cock, 374-375 
factors affecting, 80-90 
relation to fertility in turkey, 375 
Seminal plasma 

chemical composition of, 54-57 

choline in, 54 

cilnc acid in, 55 

effect of castration in bull, 62 

enzymes in, 57 

ergothioneine in, 56 

fructose in, 55 

glyceryl phosphorylcholine in, 54 
ejycosidases in, 57 
inositol content in, 56 
phosphatases in, 57 
phosphorylcholine in, 55 
proteolytic enzymes in, 57 
Seminiferous epithelium 
cycle of, 2-10 
definition, 2 

frequency of the different stages, 5- 
10 

methods of classification, 3 
relation to We length of spennato- 
goiual generations, 18 
relation to spenruogenesis, 6-7 


cyclical stages of, 3-5 
destruction by 

heat, 39 
X-rays, 39 

Seminiferous tubules 
of cock testis, 349 
degenerative changes in, 240 
relation to size of testis, 33 
Senescence of cock spermatozoa, 376 
Sertoli cells, 33-35 
of cock testis, 349 
cytological structure, 33 
function of, 2, 35 
Sex determination 

chromatin method, 242 
definition, 242 
Sex differentiation 
in chicken, 306-308 
definition, 242 
effect of 

androgens on chick embryo, 307 
estrogens on chick embryo, 307 
hypophysectomy in chick, 308 
Sex reversal, effect of estrogen on, 307 
Sexual behavior, see Mating behavior and 
Mating behavior characteristics 
Sexual dysgenesis 

chromatin method of study, 242 
Sexual maturity 
in boar, 79 80 
m bull, 79 
in stallion, 79 
Sexual season 
in birds, 353-354 
in cattle, 232-233 
effect of 

light in birds on, 354 
light in mare on, 235 236 
light in sheep on, 229-231 
follicle stimulating hormone and, 256 
in goat, 231 
in horse, 233-236 
m rabbit, 236-237 
in sheep, 229-231 
in swme, 234 

Sheep, see also Ewe and Ram 
cobalt deficiency in, 197 
copper deficiency In, 197 
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effect of 

environmental temperature on rec- 
tal temperature, 231 
light on sexual season, 229-231 
protein deficiency on birth weight 
of lamb, 191-192 
temperature on ram fertility, 231 
temperature on reproduction, 230- 
231 

estrous cycle control by inherent 
mechanism, 230 
heat production of fetus, 180 
sexual season of, 229-231 
vibriosis in, 279 
vitamin A deficiency in, 200 
Shell gland 

function of, 325 
pigments in, 325 
rotation of egg in, 325 
Sow 

anatomical abnormalities of genital 
organs, 252 

artificial insemination of, 97, 150 157 
calcium requirement for pregnancy 
in, 180 
effect of 

calcium deficiency on parturition in, 
193 

inbreeding on embryonic mortality 
in, 258 

number of sperm on fertility in, 115 
protein deficiency during pregnancy 
in, 192 

season on embryonic mortality in, 
23-1 

spermatozoa numbers on fertility in, 
150 

\olume of semen on fertility in, 150 
cntrg> requirement for pregnancy in, 
187-188 

equipment for breeding artificially, 
151-15-1 

citrous e)c!e of, 234 
citrus in, 157 

futilit) h) artificial breeding of, 115 
fertilization rate in, 25S 
iron tU petition during pregnane)’ in, 
184-185. 187 

inrlabollc rate during pregnancy In, 
1S7-188 


nitrogen balance dunng pregnancy in, 
182 

nitrogen deposition dunng pregnancy 
in, 183-185 

optimum time for breeding in, 156-157 
ovulation time in, 156 
phosphorus requirement for preg- 
nancy in, 186 
postpartum estrus in, 256 
protein requirements for pregnancy 
in, 182 185 

semen deposition during natural mat- 
ing of, 151 

techmque of breeding artificially, 151- 

155 

volume of semen for breeding, 155- 

156 

Spermatid, 23-33 
acrosome of, 25 

acrosome granule formation in, 25 
acrosome system of, 24-25 
axial filament development of, 27-28 
caudal sheath of, 25-27 
cytoplasmic components of, 24 28 
development of midpiece of, 28 
development of tail, 27-28 
Golgi complex of, 24 
head cap formation in, 25 
ldiosomc S)Stem of, 25 
nuclear development of, 23 
ongin of, 2 
postnuclear cap of, 23 
proximal ccntnole and axial filament 
of, 28 

Spcmiatocjtcs, primary 
definition of, 19 
origin of, 2 

Spennatoc)tis, secondary, 
origin of, 2, 21 
Spermatogenesis, 1-19 

coefficient of efficiency In, 18-19 
duration of, 39-13 
duration of c)clc 

determination by radioactnc phos- 
phorus, 10-13 
in bull. 41-13 
in rabbit, 40 
in ram, 10-43 
In rat, 39 
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effect of 

androgen in cock on, 34o 
collection frequency in bull on, 82 
diurnal temperature in buds on, 353 
energy deficiency in bull on, 77-78, 
210-211 
exercise on, 8o 

hyperthyroidism in cock on, 320, 
348-349 

hypothyroidism in cock on, 348 
inadequate nutrition on, 77-78 
nutrition in ram on, 89 
protein intake in bull on, 211-212 
temperature on, 84, 228 
thyroid hormone in ram on, 77, 90 
thyroidectomy in cock on, 348 
transport of bull on, 85 
establishment in young male, 35 39 
failure of, 246 
onset in bull, 76 
seasonal effects in ram on, 89 90 
subnormal, 18-19 
wave of, 3 

Spermatogenesis, abnormal in cock 345 
Spermatogemc cycle 

cellular elements of 10-33 
description of, 2-3 
duration of, 3 
Spermatogonia 

A type, morphology, 2 11-13 
B type morphology, 13-14 
definition of, 10 
intermediate type morphology 11-13 
mitoses and coefficient of efficiency, 18 
morphology of \ anous classes, 10 14 
origin from gonocytes, 2 
renewal of, 14-19 
in ram, 14-17 
m bull, 17-18 

transformation betvv een types, 19 
Spermatozoa 

abnormalities in cock, 370-371, 375 
ACTH and reduction of abnormali- 
ties in bull, 249 
adenosine triphosphate m, 58 
aerobic glycolysis by, 58 
age and viability of embryo, 364-365 
capacitation in female genitalia, 162, 
363 


concentration in semen 
of boar, 67, 107 
of bull, 59, 107 
of cock, 70, 366 
of dog, 70, 106, 107 
of rabbit, 70 
of ram, 65, 107 
of stallion, 63, 107 
of turkey, 70, 366 
daily production of, 43 46 
damage during freezing of, 120-121 
“dilution effect” in cock, 371 
effect of 

antibiotics on motility, 109-111 
cold shock m cock, 376-377 
collection frequency in buffalo bulls, 
83 

collection frequency on production 
of, 100 101 

physical properties of diluents on 
viability, 112 

rate of coobng on fertility in cock, 
377 

restraining bull on number in ejac- 
ulate, 81 

season on concentration in bull 
semen, 84 

storage in cock, 377 
temperature in ram, 89, 231 
factors causing clumping, 375-376 
fructose utilization by, 57-58, 371 
hereditary defects in, 246 
immobilization in cock, 372 
light reflecting capacity and fertility, 
119 

maturation in cock, 351 
metabolism of, m cock, 371-372 
method for determining concentration, 

117 

methylene blue reduction test in, 59 
morphology of, in cock, 367-371 
motility of, m cock, 372 373 
number in epididymis, 45 
number for fertilization 
m cow, 109, 142-143 
in hen, 378-379 
in sow, 115, 15 Q 
oxygen consumption rate 
in cock, 371 
factors influencing, 58 
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release from oviduct of hen, 363 
respiration and fertility of, 58-59 
seasonal changes m fertility of, in 
cock, 384 

size of, in cock, 367 
storage in oviduct of hen, 331, 362-363 
survival time as related to fertility, 374 
transport m female genitalia, 162 
transport rate 
in cow, 140 
in hen, 361 

viability in. reproductive tract of mare, 
160 

vital staining of, in cock, 373 
Spermatozoon 

chemical composition 
of acrosome, 29, 52 
of head, 52 
of middle piece, 52 
of tail, 52 

cytochrome system of, 52 
cytoplasmic droplet, 31 
deoxyribonucleic acid in, 29, 53 
galea capitis of, 29 
head of, 29-31 
middle piece of, 31 
morphology of, 28-33, 367-371 
neck of, 31 
postnuclear cap of, 29 
size of, 28 
tail of, 31-33 
Spenmogcnesis, 2 
definition of, 23 

relation to seminiferous epithelial cy- 
cle, 6-7 

* Sperm nests”, 362 

in oviduct of chicken, 331 
Stallion 

age at puberty, 79 
artificial \agma for, 102-103 
characteristics of semen from, 63-63 
chemical composition of semen from, 
63-63 

dilution of semen front, 11 1 
effect of 

elutmn) teaser on libido in, SO 
light on setnen production in, 60, 
236 

nutrition on futility of, 60 
season on semen production in, 236 


ergothioneme in seminal plasma of, 56 
freezing of semen from, 125 
semen collection from, 102-103 
storage of semen from, 114 
volume of ejaculate in, 64 
Stem cells, see Spermatogonia, A-type 
Sterility, see also Fertility, Fertility, low 
and Infertility 
cryptorchidism, 245 
effect of overuse m young bulls on, 82 
hereditary sperm defects as cause of, 
246 

oviduct obstruction and, 252 
Stigma of ovarian follicle, 310 
Stimuli, social 

effect on reproduction, 228 
in cattle, 233-234 
in rabbit, 237 
in swine, 234 

Stimulus, psychic, sec also Stimuli, so- 
cial 

Strain 19, see Brucella abortus 
Stress, effect on fertility of cock, 383-384 
Sustenticular cells, see Sertoli cells 
Swine, see also Sow and Boar 
brucellosis in, 271 
effect of 

light on reproduction in, 234 
pantothenic acid deficiency on re- 
production in, 202 
protein deficiency on reproduction 
in, 206 

season on fertility in, 231 
social stimuli on reproduction in, 
234 

temperature on reproduction in, 234 
Miami n A deficiency on cstrous cy- 
cle in, 208 
leptospirosis in, 276 
manganese deficiency in, 198 
protein requirements for pregnancy in, 

1 82-185 

vitamin A deficiency in, 200 

T 

Temperature 

freezing of semen, 119-126 
Temperature, environmental 
cifcct on 

breeding scauin in rabbit, 238 
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estrous cycle in goat, 232 
fertility of bull, 84, 233 
fertility of ram, 89, 231 
fertility of turkey, 383-386 
libido in ram, 89 
rectal temperature m sheep, 231 
reproduction m sheep, 230-231 
reproduction in swine, 234 
reproductive activity, 227-228 
spermatogenesis, 84, 228, 233 
spermatozoa motility m ram, 231 
infertility and, 247 
Temperature shock, see Cold shock 
Testis 

abscess caused by Brucella, 268 
anatomy of, in cock, 349 350 
effect of 

androgen on, in cock, 343 
energy deficiency on growth, 209 
follicle stimulating hormone on, m 
cock, 344 

luteinizing hormone on, in cock, 344 
manganese deficiency on, 213 
phosphorus deficiency on, 212 
vitamm A deficiency on, 213-214 
vitamin E deficiency on, 214 
hypoplasia in animals 244 
Sertoli cells of, in cock, 349 
temperature control of, in birds, 352- 
353 

Testis development 
in boar, 38 
m calf, 38 
m cock, 345 
m ram, 38 

Testosterone, see also Androgens 

effect on mating behav lor in hen, 332 
Thiamine, 202 

Thiouracil, effect on fertility m ram, 248 
Thyroidectomy 

effect on cstrus, 255 
semen, 248 

spermatogenesis in cock, 348 
Thyroid gland, see also Hyperthyroidism, 
Hypothyroidism, Goiter, Thyroid 
hormone and Thyroxine 
relation to 

reproduction In cock, 348-349 
reproductive performance in cow, 
255 

spermatogenesis in ram, 90 


secretory rate 

in lactating ewe, 2oo 
in post partum cow, 255 
in pregnant ew e, 25o 
Thyroid hormone 
effect on 

blood bpemia in chicken, 311-31- 
egg production, 319-320 
libido, 77, 248 
ovary of hen, 320 

Thyroprotein, effect on low -fertility 
bulls, 248 

Thyroxine, see also Thyroid hormone 
effect on 

oxidative phosphorylation, 312 
spermatogenesis in young rams, 77 
“Tidbitting”, 355 
Toxemia, of pregnancy, 191, 194 
Toxoplasma gondii, 295 
Toxoplasmosis, 295-296 
Trichomonas bous, 292 
Trichomonas foetus, 293 
Trichomoniasis, 292-295 
Trypanosoma equtperdum, 291 
Turkey 

broodmess in, 333-336 
chemical composition of semen from, 
71 

concentration of spermatozoa in semen 
from, 70 

duration of fertility in, 331, 364 
effect of 

artificial insemination on fertility of, 
332-333, 389 

estrogen on mating behavior of, 346 
male awkwardness on fertility of, 
332, 388-389 

nutrition on fertility of, 383 
photopenodism on ferbbty of, 3So 
progesterone on broodmess of, 316 
teaser dummy on libido of, 88 
temperature on fertility of, 385-386 
inheritance of fertility in, 387 
male reproductiv e organs of, 352 
mating behavior in, 332-333, 350 
parthenogenesis m, 321-322 
relation of semen quality to fertility 
in, 375 

seasonal changes in fertility of, 384 
secondary sex characters of, 340 



SUBJECT INDEX 


451 


semen collection technique for, 358- 
359 

semen diluents of, 379 
spermatozoa concentration in semen 
of, 368 

Twinning, effect on birth weight of indi- 
vidual, 189 

Twins, identical, semen production of, 
78-79 

U 

Underfeeding, see Energy deficiency 
Uterus 

Brucella organisms m, 269 
weight change during pregnancy m 
cattle, 171 

V 

Vagina 

role in oviposition, 329 
vitamin A deficiency and, 208 
Vagina, artificial 
for boar, 103-104 
for bull, 97-98 
for ram, 105 
for stallion, 102-103 
Vaginal smear of bitch, 162 
Vaginitis, catarrhal, 288 

epididymitis in bull and, 288 
Vaginitis, granular, 296-297 
Vasa efferentia, of cock, 350-351 
Vas deferens of cock, 351 
Vasectomy 
effect on 

citric acid concentration in semen, 
88 

fructose concentration in semen, 88 
libido, 88 
Vibrio fetus, 278 
Vibnosis, 278-281 
control of, 280-281 
diagnosis of, 280 
etiology of, 278 
fertility in mfcctcd animals, 279 
incidenco of abortion and, 279 
mechanism of abortion in, 278-279 
in sheep, 279 
symptoms of, 278-270 
transmission by bull of, 280 


Viral artentis, 286 

Vital stain, relation to fertility of cock 
semen, 374 

Vitamins, see individual vitamins 
Vitamin A, 199-201 

colostrum content of, 200 
storage in newborn, 200 
Vitamin A deficiency 
effect on 

development of fetus, 199-201 
estrous cycle, 208 

pituitary gonadotropin secretion, 
213 

testis, 213-214 
vagina, 208 

pituitary cysts and, 214 
Vitamin B complex, 202-203, see oho 
individual vitamins 
Vitamin B lt see Thiamin 
Vitamin B 2 , see Riboflavin 
Vitamin B 0 deficiency, 202 
Vitamin B 12 , and response of chick ovi- 
duct to estrogens, 323 
Vitamin B 12 deficiency, 203 
Vitamin D, 201 
Vitamin E deficiency 
effect on fetus, 201 
effect on testis, 214 
Vitamin K deficiency, 201 
Vitelhn, relation to blood calcium m 
chicken, 313 

Vitellus, mcarbazan and permeability of, 
318 

w 

"Waltzing" of cock, 354 
‘ Water bellies”, in chickens, 323 
White heifer disease, 251-252 

X 

X-ray destruction of seminiferous epithe- 
lium, 39 

Y 

Yolk citrate diluent for bull, 108 
YoiV, deposition of, 317-320 
Yolk phosphate diluent for bull, 103 



